( 

4$HW09-282618 1 V-Z 

(1$ (JP) 02) £fc H # Wf & ^ < A > (ll)WHBWMHW' 

#^¥9 -282618 

(43)&HB ^9^(1997)10^313 

(5i)inta. e «s»iib^ m*9fia## fi s«a*SBf 

G 1 1 B 5/39 61 IB 5/39 



$£ft$ »*Jg©»20 OL 18 H) 





19H79-26303 


(71) tHSA 


000005108 








«5*£ttBii»ftEr 


(mama 


¥«S 9 ¥(1997) 2^100 












-Jfc 




ftB¥8-26552 




JfOSCS5B^rtnfc&drlS-TB280#» 


(32)«*B 


¥8(1996)2^145 






(33)«5yfi±3}B 


B# (JP) 


(72) ?mm 










*]^H^rS««-5rffi-TB280#Jft 








*^C^«:BA«^f4»*9^69frt 






(74) ^SA 


/wn mm 



(54) \3m<»%m mmsismsm^yYTb.xmmmm^ms. 



(57) [£«)] 

[Ml #fg9§<DSWtt. «SIRIIH«t|llED«#-Ct>BE 




4#BB¥09-282618 



2 V-y 



mmm^mmtzmmLxMm^titzmmmmmt, mm 
mm m ± izmm £ nxm%.tm%}$km ^m^mzmu^ 
nfc-Moymmti&ffiz-. mt^mm.m.m.mmm^ mm. 
mmmitfr zommzj: v mitufawmik-rzmmxi* 
mfscmom-ammtemt. M^iai^sfsnfeii 
xizmfrmom-o&m&mt. mm&-<D%m&mt 
&-<D&m&mh<Dffltzmxt<ntiftm&m&m£. m 
tm-<»&m&m<»m{ttfa*mi£f%Km&&Wk% b 
<\z*xm&m£&&?z>m%m.tn%bmm'sy ht^o 
t> 

strfB— tt<nmmv>-w>ft*n?nmum%mm$m±. 

mmm2] m§mmm&c>b7v?i%iz*ifeLttz 

mmmnnmizm&isX&m-znrzmmuwmi:. mm 
&wm ± izmm z nxmrntmrnmrn t. \zmmz 
nrz-Mommt&ffiz.. mn.m.tnmmmiz. mm.?zm 
m&fr (Dmmz* o mitnft&mt-tz>mmx\m$k. 
mom-omn&mt. mit^mm^nrzmmxa 
M&.m<Dm-<Dmm&miz. mmm-o&m&miim- 
<Dmi&im£<»mizmAznzi#m&M#mi:. ftjmwz 
-<»&m&m<»mikJift$:mfeTz>£L®.m&m<b l < » 
fciKm&mt&mT&mmteffi&zkm^v ft&o-c, 
mm~tt<Dmm<D-m^n?nmmR®.mi±&b u < 
tt*A«8©ffi±tcag$n, aim&mmnmmibmmm 
%mmm&v>w>*. v ^m<m^nx^^>z\t^m. 
tr&mm&mii&m^v h. 

3 ] BSIOB&&#© h ^ -y ^{CttlSLfc*:^ 

mmWkcDffimizmmisT&m-znrcMmfflwmt, mm. 
mmm±tzmm^tiTmm.mim^m^mm.ffjizm^ 
ntz-Mvmmt&ffi^ mmm$3.t&tfi%>%:mz. mis. 
m&m»fr t><Dmmz ± k> mit^a^itt^mmxiz 
m&m<Dm--<D%im&mii. m<knftt>mfe-$ntzmm 
xtt«scsro^=*i«t^H<D^ettKt. BfriESfi-© 
mm&m£m-<D&m&mt<Dfflizm*.t£titcm--<D# 
m&m#wui. m^wi-<o&m&mtm=<»&w&Wkt: 
(DmzWAzntz'm-mm'&.mfcmii. nas2g§-©3£ 
m&mmmm=.v>&m&m<D±izmmzn. mm&= 
<D&m&m\*. mfzm-e>mm&m<D±izmm2nTi$ 
o , MiB^n* =t zsm=omm&momitii[(>) &mfe-r 
z>fc&m&m% v < \z**.m&mii 

ME-#©«a©-«#*n*n*iEi8H©iiBttit© 

«Kk*|Sl*H3tUTH-5E»BttK'bb<tt*^«5R 



±{cas$n. mm&mm<Dfflm*mmmm.m.tn%)mm: 

[»^«4] B»E»«<*©h5v*«fc*»fcl,;fc** 

.«*«©iH«K:iBa5UTE«ahfc«[K*mJifc. mm 

®wm±\zmm2ftxm%t&tn%)Mmtmi5.mzmwi2 
ntz-ttommt&ffiz-. mtimss&smsimtt* mm. 

«£tJl©Sg---©3$ffi8ffl«.fc. Bfc3EFGia«H£Sft!&:*Ji 
Xtt*»i©!li=©3ttatt«tt. ilWE*-©Ml«ttBtt 
SB=©3*«tt«i:©IBK#PASn&#«ttS»flcglt. It 

B*=:©ai«ttii*«*©«fl;*iRitHjrr*RM«tt«i 

i9E-**©««ttimE«««t«tt»«l©'l>'6»K:©*« 

3©ttK©Rj^M^;£B»&iffiB*lt&. B«ffi*ri 
3»*il©PI«fe:»*UTE«Sn&«K«fi»d:. SIS 

nfc-;tt©*@<i: wiefisa«ta^i«^«, B& 

EfMtttft>&©B;t££ DBfl££rffl;0<Sfl7*-«¥JIXtt 
*jR»©KI-©M«ttlllt. «flsW))*BSStuW|Ii 
X»i*»JB©»=:©a«8tt«i. MfBm-©^B14Kt 
*&©3ftBttRfc©IBK:#ASn&#Btt#fl*d:, ffi 
E»=:©a«ttK-tC-€-©«ft*iai*H-jeT*E»«tt 

«(»E--»©««l4WE«»«*a**«(t©«»''£f*K:©*« 

[gfcftB6] B»E»fc#©h5y*«fc*#J6b&*S 

a©*»©ii3W«»s*ifc««jissB»*iii:. B4U&& 
ajWR©pi«iKB»«LTE«anfc«B««»t. mm 

rnrnw m± izmm s nTW&i&mxm-tm§m izmm. 
ztirc-ttvnmtzffiz.. mBmgMBObmmti* m 

»E»ME#* &©«*fc«t 0 «fb*lSl*«*<tr**)iX 

tt1S©:S©^-©^att^i:. fiSYt^[6]A^B^anfc* 

©^IttltS- ©9fi«ttR£:©m(=l«ASn^«— © 
HHtttt*ttK£. HfJfB^-©3SlSttlK<i:m=©^fi8ttl^ 

&©mi=#Asn^ffi=:©i^stt««R&. SfrEm-© 
9*«ttKttJB^©3l«ttl»©±k:*JH*n, &±<D&m 

&mzm-c>%m&ti&<D±tzmmt!tiT$ir)^ ^w,- 

* J; EtiBH©9fettttR©fiNb2Fft * H^T -5 E^Btt)^ 

fe b < iz^m&mt^rzm^mmzm^y ft 

mE-^©««affiEBAffi0tS»JRR©4>'i>«iC©»« 
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«wiapB± icflm a nrfimfiin^SR <b*su$ icsm* * 

ttfc— *f ©««£*«*.. MGR4Kffi!f3ftJllRtt. fiSM 
E»R#jfc&©«fffc*D«^fa;^fcbHe«W;: 

« bTIStt £nfciJiBXte«i£B©Sg-©5$fiiffi8i£, 

RB*-©R«iM£»=©BattR£©MlC#A 

anfc#&teS#R£:> Striae- <onm&m<i>9Mttito 
icai^n. me»««©nM;^ea&&&i&£R© 

Mt&H 8 ] e^fe»<«^© h 7 y if «MC»J6 Uifc** 
3 ©«&©«**«« an>fc«^gifcS>*R £ , ffiB^gtn: 
&^©MM£Rttl/T£R3tt*:8B1Mf9R&, IIE 

umm±\zmm a nx^^fiiix^i^K <t mmw c«& $ 

R©»-©SHBttR£, &<£#i3i#tH££n£:i*RXH: 
RftR©R=:©afeRttR£. aMe»-©a*«ttR£»z: 
©R«ttR£©Rfc»Aan&#«tt*M*:Rfc, MGR 

n©a«tt«t©«ft3En^*H3rr*RMi«ttK , b b < « 

*4UB5R£ &fr U ttSaftttttR t> b < tt*AJ£5R 

ifflfB-#©««©-g&a^n^niiiifB£§£&te®i t> b < 
tt**u&BR-hicRRan. mm&mmv>mm-t>mmm 

[R$8 9 ] BAGMKfiE© h 5 yJ'iKWJSl/fc** 

a©8&©Rrt*f»Banfc&m£!n^*R£. esu&tt 

&4U^RWlcB»LTin3nfc8BfMf9R£, 
ttffRJb &RR a ttT8ft&*ft8£R <t*^W a 
*»:-»©««£*«*.♦ MesaU&tt&KRtt* ra 

**R©»-©3M8ttRi. RflS&lflWBjesnfcJIlR 
XJ3*RR©«=4i.ktf«H©R«ttR£. fWIBfi-© 
5S«ttKtSB=i©»«ttR4:©nK:#AanfcSB— ©# 

©IBfc»AanfcJII^:©*«ttiPMt:Kt. fl5te^-©Ss 
«ttW4«WEJBc:©lM8ttil©±fc«|jBan, SfliHfgH 

©3£B$t4Rtt, ^iem-©^att)S©±Jc««anT*5 

0, WE»z:*«J:tfJB=©3l«ttBl©mt*ieiSH3e-r 



R=:Rtf RH©!*RttRtt-tt©ffieK&R&Rfe b < 

me-^©«s©-^«<-€-n-?nffitGSiSH©9fittttR© 
±tii*n. me»«s©miH«tMBBfl^i&triBajiiR 

$B^R©ffifl<cn&bTBR3nfc*^R:5*>&&:s 

ttEM«m&> 8KMRR±fcftR3ttTR&&lft*ft* 
R£«ftftk:»R£nfc— &©«K&£ff*., MettS 
l&ftgftJfcRtt. &ftEftKttfr&©R-JM::.l:D8ft:;&ffl 

3&**ft-r*i|ijixtt**»©*-©ai*ffi»i> awt* 

rtiPB££ft;fc¥RXIttft8cR©R=©9ftR&R&. I» 

e!(5-©m«ttRtjBz:©*aEttRi©mfc#Aanfc 

#&tt##HI£, MiBm=©^fl8teR©a{fc^[plS:@^ 
T*R«l«ttRi:**rr*«ft«ttS»*S!^y FT&o 
T, 

mjB-«©*ffi©-gp*^n^nMfefiS«sin:3ft*R± 
teas a n, Re&«s ©mn^eR^ufSHMtR© 

1] RSEftttHt©h?y^«l3t*J&L%:* 
££©8ft©RtfRR3ti£«aU&&gttAiR&, fiSiSJg 
#B^R©ffi«£R&bTeR3nfc£&RttR£IMB 
ttR£©«RRa»&&S«»WRRfc, J8B«ffR±lc 

ft r a nr««&tjiSijRR t m^m a nfc-*f© 

*R£*R*.» «&*£&t*MlRfc&. 8£Ue*Rflrt>&© 
RjMcJ: 0«fls&|9|«%flrr«#RXBRRR©R-© 
Mttlt, Rfc#ffl]PB££ftfei|lRXttRftR©R 

=©3SaMt. StliBB-©^JKttRi:^-©SifiBttR 
i©IWfc»Aanfc*«tt#*Rt, MeR=©9fttttt 
R©Bfl^ffl£B£T&K&«ttR<b b < «*Afi85R 

i9E-»©««©-«*«-tn-ent(iiB«fiussawRR± 
Kte«««©mffiAtffieRA&tf«MftR© 

*a©«»©R3&««Rsn*:«»«tflBa*Ri:, esie 

*x«l*(l©MfiiJfc Rft b TElS*ifc*M5iJ> & ft * 
JSIK$iJPBi:, «E«HRJiK:RRanTaAa^SAJR 

Sfit^)*Mtt. ttJKGRRf|EA>&©Rff (c J: t) afb^lfil 
*»Jtfl:r**RX»4«*R©R-©R«ttRi. fiSft* 
(S]75tHSanfcm)lXttSfc)l©®-©^«#R<!:. ^ 
E«— ©3ft«ttR£»=©3MHHtR£©fflK#Aanfc 
IMHtiWit. «rtE»=©M«ttR©BWtoErlRl*H)t 
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a an, ffie#«aomMi^BBai»si^MfcKo(i^ 

vmmm v>mm \z mm v xmm s ta^ s&meigi <t mm 
&m£<Dmmmfrt>uz>m&fflwm£. mmmmm±\z 

m&fflwmii. mmmwm±tzmmznxmf5.tg.$i%)%k 
ftitn^.ftiz&ffi-ztirc-'tiommtzffix., mmmH 
m.tn^m\t. m^mmitfrzommzjzQmikjjjft 

faaiBS2nfcmBX«1fi&Jf©m=:fc±tf?gH©3£& 
©±tclftJI3trr*9, WE»n*±l«l5=«)3i*ttlBl 

©s^fflssirr u «me»— . as 
wag— »©«s©-aw«*n*nwiBjBHoai«tti)to 

&«S©fgiB#iiijf2&^&iu^*!&©'l@ck 0 < » A 
£3©*ft©K^il3ftfcttft&tt&*K£. 

mmmvwiM \zm » l tsss a nfc s&sittiBi t 
^©a^Jct DBfb^i£;i«txft:-r«#jBx»iftika©si 



©JKn*±tf»H©3MBttgtfc, tflffii6-©3i«ttBii 
|g-©3$fi8+4lgl <h ©PD (' If A a n&*-©#iBtt3M*: m 
iz. MBB»-©aS«ttKiiB=©IM6NtK£©Mfc#A 
an&»=©#«ttW<WJIi:, flte$B-©9ftB1£M»M 
aB»=:©5ft«*il©±t8IJian, MiBfgH©3£&ttlgl 
tt. MIBfll— ©9SOH£R©±lc8UianT£r). WtB^ 
n*«J:r«8=©ai«tt«©«to&lft*HJ6r*R»«tt 
*t.l/<tt*A«5lltS*U RUB*-. ISi-XtfSg 
= ©Ml«ttglf4-»©«(eEMB8ttlli'b 1/ < fcbfcAAS 

WBB-»©«S©— «W»*ti-fn«»BB*=©Matt«© 

±tc««atx, Me»««©niH^MGttAffi«BajUi 

[Mtira 1 6 ] gMBa&&fftftKK©IBtt. JWB-WO 
«ff©Nffllk:0. 5~4 Mm SUDAfcHft*-*-*;: 

1 ~ i 5©v>-r*ia>fcE«©BH^cigR 
im&m i 7 i sdie-*f©«®©#mg«. m?smn.m. 

$S^K©4reffl4H*fc:#L 0. 2 5~2 tfmfflffiHT 

#311 -16 ©fr>rn^£e*©BSU&&3MlS''ty 
H. 

8] MC— &©*S©««mHli2 umRT 

[M*8 1 9 ] mm^m^mzmm-r^mmmmw 
t, tMBW£'\v Hi*, sw^ i ~ 1 8 ©^-rn^jcae 

*&tt#£J&i;£Bj!L$X&b£©8*lCJ:.&tMR 
*WI2««IB««IM*:»ClB»a**IB»'\'y Hi, SAG 

tMHt, Wifely K*5©ftftflre*»!-r*?f£ 

nit, i ~ i 8 ©^-rn^tci2*©«as« 

SB. 

[^^©P^^iftBj] 

[0 0 0 1] 



1 
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[0 0 0 2] 

^ttS8gStriSft**?<JfflUfcAMR (Anisotropic Magn 
etoresistive) 'vy F**$I15*iTH&. HWAMR-^y 

xsmhmu ^E»s£S»©«iwt s *KrJtr*c£ 

[0 0 0 3] «K«WJi5WR»t.&*l&»-ift«©AMR 
^y-HlC^lriTtt, MX. 12. #HttflF»4663685 *»KB 
tt3*rrtr>«J:3IC> A*->K • X^X^;n>>>£l># 

/^^->r:>^snX:«K««IJI«ttacffil«BnKR (M 
RM) ©flMMR*©*fc«JBLTB«U £©««£* 
— ©flB&fCfl^, MRR©5^f*©^BS& (— *f©m 

[0 0 0 4] /^->H • I:?X5 1 i>^5fffflL 
fcAMRA'^ r J IC<fc}'U4\ Ifcfc: B*J&aO& 

¥SttSl98H1 0 5 (1 9 9 5) (CB*3*VO>S 
ck5tc, «K*J»R©IWJHS«SI«IHfcJfc^T**<-r 

■Si tic J: oT. ^ft*i[6]J:-rscit*^6tlTV^„ 

[0 0 0 5] fg- IttftWAMR'Ny f*l:felr>TH ?g— 
1itft©AMR^y F£9fc8ifibSfr>£&#*U'r. M 
*tf, #P§¥3- 125311 ^$8(cfBSc£nT^3J;5 

ic. a— Kn-f Tx^sc^Sffl^nTiiS. c©;#5$t4 

mmftfc£T#^fr>fcMRM©i*M£3l9fllU A 

asgKtc©^-tcMR^<&^jEi£b. ^<DURm<ommiz^ 

ttCR£S1KU *^fi&5R©f£5fi&#t;:J;oTi®fi&gB 
e*-©ttKttffibR'2'b©-?&«. ft*, #IB¥7-5 
7223^SfcfBm$nr</i.5J:5fc:. *X»5K©ftto 

[0 0 0 6] A- H/H 7X*S*Sffl IfcAMR'sy 

h*tc«kn«, *g!|#fi : sg5438470 mzmmati 
jso^ Ka*f§sns. b*^bft*«6. c:©^©^^ 

K»4. 0M.&4\ »:£ : IEEE Trans. Magn.. vol. 3 2, 
p. 6 7(1 9 9 6) lC|H«StlTlri-5«t5fC, ^dXh 
-**HfeWK^, -rfctofcHtth^y 

[0 0 0 7] — AMRM KtCft^-S^lftf^©^ 
«ftMRA 7 .HttT. #$1¥4-358310 94* 

*cE«snTi»ij:3i:. w.*mfs.m.vtito&&mm b 
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&©«JNc«fc 0 Wt*fil*qEfl:"r*iB-©»«tt«t, 

«Yb*i6i**BS^ nfc^=©^tt^ t ©ratcjf a $ n 

©ffi^Sri^<TSfc«)(C, ^©i£:ffl<hbTit#PB¥5-347 
013 ^«{CiB*^tlTl^«i;ptC > fa7;^<^0 

xt^AVP^-y h'^nsnxus. ;®7a7jw 

tf>A*;P^ , '\ y Ftt. &gKtt&3Mlgt£LT. m§S.$Zm 
*Hta&»&©*JMc«fc OSHfc^faa^tT £Sg-©3$fiit£ 
It. B^ffltfB£3ttfcM£=£J:tf3iH©9ftBttR 
i> JB-©9S«ttBtt»=:©lttBttKi:©IBfc#XSn 
fcHMtttt«fMl£. S-©at«ttR^SH©llttttM£: 

©iBK:#Aanfc*«tt*frBt4:*»6*j«an. m-o) 

Ml«tt«ttJBH©IS«ttW4. »-©»ItB:RK:*#bT 

ffl*i-r ± ^ £*— ©simttR©±T fc mm s nt* 

[0 0 0 8] rn6#Xt>A)^Ay FT14. flBStfB 
MKftrt> &©«#££ 0 «fb3erift*qEfls-r*©l4»-© 
3$raH4RT&5©TN XhTWOk/^y Ftefcfrvrii, 
©tttt&R&J*-©B&RSlc'r£ c £#£$3*1 

•So 

[0 0 0 9] 

immtm^^ht^mm xk>;wa» f»4 

AMRA7 Fl::ttfc><5'\-.y KtLTasnxtf^^, A 
- FA-f 7X^*fflt^cf*©XK>A*;^'\7 FlC 

43tixf4, fl8K^|J^alH©^$^c c toT^4ff^jK^^^ 

[0 0 10] 0|A.t4\ ©9MBttR«¥— ©SEicffi 
fre«fc&©fiBK<mJI©3ft3;P&?-bfe4^Tttfr*« 

5Ci«5*5. C©^*J4— jRKlA^A^IfW-r X 

£i?t£ns «>©-?& o. £©y-fX©3g£isCBte, 
^>£u b^fc, £©A\>i^A?-t£w-f x»4, xtf>A 

Jl^^y F©2r#AMR'Sy F«fc?)*><fc9SB£bgH. ' 

»«ttR©«fl:*milk:ifli»tfcttR*«t»'£i'fciMPS-a-* 

— ^, AMRA7 H-Ct4MRR©fiS-ft^«>4 5° ttiS 

ft (IE, ft) SrEMJIJbfclBK JK-©9tHKttMMH»©tt{b 

»*-hT^lS»CRebTt».5fcJ{>-C»*. dtll4, fiS^J 

^©®ffc7JiK«ISr|fij< t» |MSx^;^-]9<iK<d:« 
©T, ^t*[Sj«i:bTl4^«6±S/tt4^iie>T*^^ft« 
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[ooii] -Aiz. m&mwmn&ztf&zmm+ftfc 

mr^mmcKKDtiiti mm) &Mmz&T-rz>o xf> 
rtii'j'w K<DtH^«. m*m\ztenm<Dr$mtzitMv 

tZ$>2>. tZZtf. fifcfc©A-rV\*-f 7X#fi§©XfcT> 

wi-j'sy viz%>^Tnmofflm&m\zVi<-?2>t. m 
&.mmrnm$>tLK><nmij m&) &m.mz&Ttz>. & 
tzmmmm&2 nmMT\z-rz>t. ssywmmitt* 

<Dfg,m<D9 0%JKTICfiT-r-5. zw&mv&T&Mim 

a. nM<DT\zmm2nT^z>m&mwm<nmm-c. & 
~<D&m&m<DWbmmm&<Dmm*fc^z.t.\z$>2>. 

z\z^nxmm<Dm^$i&ft<Dm£i&'pte<u9. & 
idf^diiijirrs. z.<D&mt i/T, asuBSs^ssro 

[0 0 12] Stc. m&IWfPJIC&Stff&SiggH-frte 
(Br - t) i, Xtf>A';U^>> 

m&m<»mmmj&&mB s t t<z>«*« cb s • 
t>. t©tfc-c^snsfflTa&^. ifcfifA'^Txtt 

£\ ®K*JffllSICfe^^^tt^<DfiSfPKm^afB s £ 
ffilJP t £0>ii©fit (Bs • t) 7,\f>/Vlf^y H 
{Ci3^-5B-«^®ttK©taina«aga!B s £BUP t .t 

waffM (bs • t) twitT-^frsnsfire&s. 

[0 0 13] MtC, iSKWffl«®-©^ffi[ttK<»:ttgiJ 

n)vt?/\w>; -r x-bmzi?* tz. mm.mw 

-So ^©&m<hbTm*nW£<fc£. 
[0 0 14] iCDJ;-5tC, HA'f ZXjffig© 



[0 0 15] *^Hjcoa«J«. «®F B 1R8^^*^lctt 
[0 0 16] 

\z. *mw\*. M&s&®mfc<Dh7yPiis\Zttfotrz*: 

Mizmm\sT&wt<nr£&&fflfflmt. me.mwm±.\z 
mm s nxaststft^i^ig t «fc w tc«^ $ nfc 

Ftffc»A£nfc#fim##:|gl<!:£*rb, fgziro&gJttlgi 

*^<7)^t^[6] sr asrr s ssnKtssi *> b < ittf\m& 
m±\zmmmmt<nT^2>m§s.i&ifi®mM'\y 

m±.\zmm-zn. mm^mm^mifim^m^mrm^. 

[0 0 17] Sfc, ^CDF^PSttO. 2 5~1. 5 limit" 
[0 0 18] &^fiS^ata?a*S:?iJfflL^fiSmStfiSft* 

[0 0 19] *58BJ§fcl, «atE&^ft:©h9>y^"IHC?t 

mm.&m®mm<DmM\zmm\sTtiimt!tircm&m 
wmt. um^mmm±tzmm^nxmmi&tn.mm^t 

wmmte. mf&mmmm^cDmmzzomfciifo&gt 
m&mt(DfflizftA2titc%i-<D#m&m-frm£. mm 



1 
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[0020] tcom.^m^mn.m^mmvrzmmm.tfi 

j£Tz>&&m&m ! b b< tt^msm/m^m-stvc 
&©{;:«> — #©«s©-^a^n^nMfeR3$fig 

icBE«^n> *<Dmm&2 um&.T-c$> ^m^mmt 

[0 0 2 1] KfcfelrVf, 

©&&tt^©^fc*ft£B^-5^ttlKK:te£&mtt^ 

iWSUK lffl#©M&##fC»;£b^ ; &©X&.5. 

[0 0 2 2] J8»«JrBa*KOti«. -*f©mffi©R8BIS 
ICO. 5~ 4 Mm SjtoAfcffiaWSbt^. 

[0 0 2 3] -?*©«ffi<Dp^«@F B 1ll?rM^t- 

a^^-n^no. 2 5~2/im ©sgHa^tib^., 

[0 0 2 4] MtC. -*#©S@©Sffify]l¥S«:2 Mm« 
T, flfl: 2 wm*SI, ±0 0.25 ~ 1. 5 Mm \zWLfe 

[0025] *fmv>mm.&trm%m^v vtm&'w 
-5. 

[0026] ( 1 ) mm*m§§.mz§mT z>mis.s&m<& 

[0 0 2 7] ( 2 ) flmea&KHCGfltr •SiSSifHgkjS 
[0 0 2 8] ( 3 ) «&£©-Li£©ffiB^fBg?i|£gffi 

[0029] ttebfc#afcj:n«, •#«ioa»isit 
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[0 0 3 0] 

mmmi) mat, *&w\z&zxe>/vizr'\-y h. 
10, mmmmmi2, -^ctgH^xxfef), 

OftSKafiSBttKl 6±C8M3nTfr> 

ttSUS&igMtK 1 0 14, e&Mre®n#© h 7 y &m 
izttm b ^ 2 oM&omfi&m \zmm ts nx v » -5 „ 

gtJIIttt. »-©3ftBttRl 8, #Btt«<!f:l2 0 > fB 

ttttR2 4«tKiftSttjRi 6±KifluisnT^«. 

5£JURIi. J?r5£©*I (fl&&ft3MUR©IB2 6) 

— 8ttSftIi:UT, «M.tfN i Fe, C 
oFe, CoNiFe^ffl^TifiUSn, Rffi£5n 
m «i?$b<«2~l 5nm) (cSt£3nTlr>«. 

tt2nm (»Sb<ttl~5nm) IcKJtSninS. » 

=©9ftttttK 22, 24 vx^n^nmfem t. vxmmm 

£«J&bT43D, fg— <09fttt1£R2 21Ctt, MtfCo 
JWB^5*U BIlMil nrntCta^ttX^-S. Sf§— ©3$ 
fiStt^2 4tCtl. MAtfNiFe*SffltiP.nr*D. d 
©KJVttl nmCflj&gSft. #*b<hfcplo#Xl~5n 
mT&-5. K3$fiBttffiil 6tC«N i OiWfl 1^6*1X43 
0, n©KJPt45 0nm (Jf*b<tt2 0~8 0 nm) 
C«S*ftTli4. -t-LT*r:©lMaffiR2 2. 2 4IJ 
■*©»ft*Gja«R!ftBtt«l 1 6t©XM^C<toTli 

ttJR 1 8 ©BftsSrffltt, M^.MOBattSe»JHR<D«C&l^ 
fcBteStiTfiO, c©^£ftttraEMKtt©Bj*- 

&~<Dm&&m 1 8 ttjg=.©9MB&K 2 2, 24 (D&Wr 

©#a =fco^^<^2~3 {&©*£ a &=rr 5. 

[0 0 3 1] BBffiflMi 1 2 t4*;\S85K 2 8 £Bfflffi 

i 2 a«jKtt«ca«gi i o <Dmm*fa}i&M 
Tzmxfa<Dmi&<Dmw\zmi£LTmw2nT^2>. * 

^585^ 28t bTHU 0Ux.tiC o C r P t ^©-&^*t 
ffl ^ etlT*5 0 , BE(^*JffllTtfi^ 3 0 t bTtt> 1 0 n 
m (}f$l/<(J5~2 0nm) ©C r 7>*/8 nxv> 

X^S. ffiSKSll^Ml 2ttS— C^Ejtil 8<ha{Sll 

UiisafcBeeanxfeo. -^©jgatti onm wsb 

<li4~3 0nm, ckO 5~ 1 5 nmj&W*bV>) Xfe 
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[0032] — tt&mffi i 4 \ttt\^timm.fflfflm i 2 

±fc*H£*rCBD, 1 4©-gfr!>*8l-©3£fiBtt 

11 8 ±£:ffiJl 3*1X^-5. Tft:b*>&®Sl 4tt, ft 

mmm3 2$«?tf-©Mffiii 8tfi8K«!i^®i 

2±tcaS^nT^^. &1114lt 0fl;t«Au, C 

<MI]Ri 3 2 ttflamig*n$ft*ffit©ll 2 6 <fc 0 feJR < WtfeZ 

[0 0 3 3] XKWW^y HTH. tti^JttXlf 

-<D%m&m<Dmfc : %fa<Z>t3;-?1iim& e ©sfc&cos a 0 
£©«K.lt0!lT5. ^LTitgift^{fc»Ap#AMR'\ 

Tt>*. "T-. jg=©»B&l£©ttfl^ffl«flMraftl 
jfifcttlxTSBfc, M*.fcf. *T (v-ftX9 0° ) ft 
•iS»CH3tbfcfcT*4:» cosA 0 KigS— ©3$fiBt£&l©BB 
fl^ffl£MH^fflB£©&'rA&0&JRt>T. cos(e + 

9 0° ) tffit^tAiTSS. T&to-6» tti^Jtisi 
n0 £Jt«f*. £©*:*, tti2r&0©£ftrt:*#bT* 
^{^{b^-tt-Sfco&ICte, 0«O° f*jfi*i^SUV>. <fc 

[0 0 3 4] 0 211 XK>W^y F©£BH8ttK 
16tl/T, NiO©f^t)0fC. FeMn^, NiMn 
C rMn«lifCD^*flHfcXlf>/^7 K 
©«rtHT**. Sg-©3£fi&ffl8i2 2, 2 4©5^^f 

iz. m%mm%m 1 o ©as #i6ja*0 1 o , 

[0 0 3 5] @3H 7t>A;l-A7K©lHA*Si< 

©fllJfctt, @3{^-r<fc'5tC, #-~©9Mttttlt 1 « . B 
flE&fi#H«Snfc*=©l*«*HR2 2. 2 4, MH© 
3 6, 3 8, £— ©ttBttDt 1 8 £«=:©&« 
141812 2 tOIHJfcif A*nfc*fflt*#ll2 0 t. W,- 

(D&mfkmi 8 t^H©^mtt^3 6 tv>mz& Aan 

&#«ttSMMI3 4t3&»6«!j«anT*D, Sfi— ©3£® 

ffigi 2 2 , 24 \*K%m&m i 6 ±k:iwb sn, K&m 
tti4o «^h©^®^^ 3 6, 3 8 ±\zmm 2 n&« 

0U;LH NiFe, CoFe, CoN i Fe^Sffl^T 

12 0, 3 4l;lJ, 09*.fcfC u >W8 H e»n. i@tt2n 
mKWgattTH*. SB-W&fiBffigl 2 2 , 2 4*i«i:tf 
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JfR£#tfi)cLT*5D, fg-©3iifi&ffi8t2 2, f|S=©9MB 
ttJH 3 6 izttff C o U6n. £ fclcBIJSte 1 n 

mcw&snTu*. m=<D&m&m2 4, $=©&« 

tt!3 8 (rtt^JA^N iFeiJl t,* &n. <b fe £JRJP(± 

1 nm (»Sb<«0. 5~3nm)(C®:^$tlT^-5. 
RKfiSttR 16.40 ICttN i O, C o O^iftft^F 
eMnJS, NiMnf, C r Mn *©£&&<!:*>£**> 

31 bfc *><Dtmtenz>. z\ z\ -cK&m&m h , a o a 

H-©«»-C«lj«UT"bBiJ«»Tr««bT 1 l>J:<, 3Efc 

22, 2 4 © 5 -e n*»— **#*-r * n t t>-c*» 

IQ«l(Cfll=©9HB1£|| 3 6, 3 8©3% V>-rn*>-;i5r£ 

[0 0 3 6] *fc±fe#XfcT>A;l/^'\y HfC^ViT, 
*M5K2 8tt,' N i Fe^tIMfflT*5 
FeMnJft, NiMnS, CrMrSftfC^toa 
lIl:lIT5ri:t,Tf5. £©»^. BlRlMffTJi 
R3 0«Ta^:i:fCS«Lfc^A^tt*i#^tlS. 

^ksijpiki 2 temm.&m%}mm 1 o©±bj:otic» 

[0 0 3 7] 04 #fB9Ifc*tt5Xlf:W'W:7Ay 

2 ©&#©&£ ^^^A-fTXitSrO. 8 <tte< b 
T«J£Ufc«)fett**3R-r«IHTr**. COP*. W-© 
^#T«£*©/\— F/t-f 7X#*iB©Xt:>/tJl/:/'v.y F 
^Sl^bfei^^, IJE*©^^ FT-fcfcAMU^/W-tfW 
■<X**£&T^-5©lC*fLT, 45g9!lCJ:«'>t?Fk:& 

^n«, 4'©««nHi3 2jra89UESBa 

»K©K2 6 J:D<bSlE<S]gSn. IM^^ll 0 
©3*A;W^-/N»>if>y-f X©»*«T?***«ICtt« 

8iE*«8ijn^Vi©-r, vl©A;V^/\^i?>y'TX^«»L 
fcKTbmtStzSb-C&Z. C©fc*6, JSESlffllB 1 2 © 

ffi#©aia**+»T«:n«-&-ct), /vv9/\yif>S'i 
ffl^xfc. a«e«iff*««©«»ffft*)a:<-r*iii; 

[0 0 3 8] @5I1 ttEffiWB©9feSAt-H)-&*^-& 
IT, gfyHTXMl. 5 tLfcP?©^®^!!! 
Sfc0©m* OSft) i«MlllWi©IB**«*©/N- 
hVW7X«jt©^ryl«d:H:<ftUft:iBBTft«. 

1 4«tj|S— ©9H8&JR 1 8 «BI^ENI3 4 iC^bfc^ 

2 6 SmiSIKifiii 3 2 + 1. 0 um iUTl^. 

[0 0 3 9] B5i^&, *»B^o^\<> KKflCttfi, fit* 
CD^yKtttSftoT. «ffi^H9 3 2*^0. 5 um t& 
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^.y Kt«©7t>AVI'^!y FCDV-f N^^^ 

t&o)X'b<Ditm^mtit2iZ>. @6m #3g 

9i -5 's h' ©*- A*- =y y thlZO. 
Sum tVT^Z>. ^XsTWmmmtt&^vF £.£.*>' 
1.0 um tVfz. di7V-f^uh77^#ttH ffi 
fte«l£flU:K:h7?j'ff0. 2(tm SftOlBfrHNttK: 
flHt*K*U ~©V^n h^-y^cD^Sr^-y K© 

[0 0 4 1] B6^. ^KHO'Vy 
h^yi'S) ttl.O/im &««mHl3«U<. M»l;: 

0. 9um£ttffniM£Dfc&L£«?ajiEfr>. 

[0 0 4 2] f^t, ^WcftS'Vy Htft*0 / \y 

tti5, «e*©'\5' K©«»-fbai*tto. 7 8 -c^o 

fc©K*fLT. *^®MHTttO. 9 5 <fcif$2#J» 
^iK^#&nfc. d©tejfe&>6%K #5B9i©^-.ym 

[0 0 4 3] i©J;-5fC. fi^A'-f 7XJt^^<. m 

[0044] i7ii «s^pg*t i umiim^m^m 

[0 0 4 5] 0 7^6, 'Vy K<Dffl^Sr*5fe©ffi^©9 
0X£Ui«C#t?;fc:«>ICtt> t-A-77^M0. 2 5 

Ft.'t&lttblZit. 1 4 ©jfeSffi«©SS 

feO. 2 5ym £^rtff£ttSJ:9lcEB?-«£&#'a 

[0 0 4 6] — t-A-777 r i^0*f<t5 

©rtflJ©SSgB©®!£-?&£. Cfttt. 

# (5~1 OlWfy HSflE) £±IhI5> eft&tttt 



[0 0 4 7] 0 8 ttftKfHffllJl 1 2 75^e.C0iEIKi:SISSW 
8 M§-©!£«&ttBI 1 8 ©*S>&|p]©|£8lW&g:£tt 

Tt>«) £<i:£<K5tUfc., B8;fti&£ttttftA;eH&8ff- 
£ 1 OlWfy H£t±{C-r-5»Ctt. ttKftlfJl 12* 

i o ©^^©sssB&gicifc^Tfc&t t>t 

A-7 7^ItlTli. 0.2 5(imK±T2(ira6lT 
©S8Hft<c&3 Ci^Sib 
[0 0 4 8] @9I1 WfMHISl. 0/im t*< Lfc 

[0 0 4 9] 094»&, #369!©^ 3/ HCftntf, 
AWTXJt, -Tttir&SBiMfPJI 1 2©&#©3£S;&*:*: 

[0050] *fmmmzi:ftiii* nmmufiiii<i3ir> 

©tt~FStt< ifttBftG'v.y 
[0 0 5 1] «ff €ratt*ffi»*gC©±lci*J|-*-<5 C £ 

<T5 (fit*: 1~5Q, ^fEWlQKTF) tc-r^cit 

-5. 

[0 0 5 2] *fc, ***»«»CJ:*^y Ffc£TF©£ 

mjc, ^©s^ss©s^tcjbn^.T. m^m^tciscfc 
[0053] gum 2 ) iioit *mm-$mm 

rfeS„ 01 OICiJUTS^fflwm^iStni^^'sy r* 

SIa^H) tt, a^StrC^)*^l 0, ttEMI9J|3 

3, -;#©Sffi3 1S:{SAT*5 0, mmeiitgft^lK 1 0 
tt, m&f£mMfr(Dh7yZ'1ja\zZil&Ltz*:2-£<DmWt. 
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[0054] &mm\t. m-o&m&m 1 1 , #m&m 
#ii9, m-<o%m.tm \ 3^^m^nx^K). m 

gu o©4@ (m-omi&mi i, #m&m&mi 9. 
•m— omm&mi 3<D<ma>o*>. mhm^mx^mt 

•5) 5 1#J^©*££T&50!I*.«2. Oum 
ttKi l»ig*ii:LT, C«lx.«N i 8oFe2o£ffl^T 

m\zw>fe-ztiT^z>. sg--©3&&ttJBi i 

Iil/T, 0!l*.f£N i goF e20, N i 68F enC 015. Co 
6oNi2oFe20, CogoFeio, Co^O^-MM. JfcZfzn 

cu&m^znx&o, mm*Mx.t£i~4nmmm<D 

igf tUT, mtfCo£fflfcvr#f(&£*u )KJ»tt«sJ 

a«i ~ 5 nmmm<Dffl<Dmmumzm7£-zt\T^z>. 

Sg-©3&8ttBll 3lil^IibT, #J*.fcfNi 
8oFe20, N i 68F e 17C o 15, Co6oNi2oFe2o, C090 
Feio, ColKOW. so^n^©?^©^^© 

So K3SfiBfflK2 1 £»M*.tiC r45Mn 4 5P t io^ffl 
^&tlT*30, £©l8JPtt«*.fcr3 OnralSICttS 
nT(^S. *fcS^mtt^2 HCtt, il2©{t*^C^IA 
fiFesoMnso. Mn8oIr2o, N i soMnso^^ffll' 1 
S^.fcfcTi*S. ^-LT, Sgzi©3itf8£BI 1 3 tt^©B 

<tijm&K%m&m2 1 t©saM*^Kj:t>Ts««t«£ 

[0 0 5 5] m&.%!IWm3 3H ^«*AS85Mi:ffi 

KfMSPB3 3S:1«^-r-5*^ffi8SMtLTtt, fisjAkT. 
C 075C r 10P 1 15, C 075C r 10T a\s&ifim^£>tl 

So BBftlffJB3 3&ffij£?S*AASK£LT 

tt, mzmJUiCotoP tio%m^Z>Z\thXZ, * 
fc, C 075C r 10P 1 15, C075C rioTais, Cogo 
P t 20 ^CD-&^(CZ r02, Si O2, Ta205^WiSYt 

ti^jnLfcferosrfflnsctfeTtrSo ^ne.©i 

KMWJ13 3*65B^T-6B»fcJ:oTfl5-03l«ttK 
1 1 #*-08Kl:l!»3n5 iSfcftoTHS. * 



WT»*te©*Ji*T*jSTaEfcfcTy€r.5. £©# 

o\ &3&58ttl{gteF esoMnso, Mngol r 20, N i so 
Mnso, C r«Mn 4 5P t io^»-&^^aS?$n> !$ 
fiSfflBlteN i F e 3i, CoFeJS, CoNi5&©-&&l£ 

MMtLTN i O, CoO$$S:'m>*£ 2: 

[0056] -#©®& 3 1 tn^timmmmm 3 

3±(Cffl«^nTi3 0. «-ttC©-flWKBH8&£2 1 

©±KflM3*vcv)«. i^t, »ttB^is9ittttna: 

©«B*S5 3fct^JA«0. 5 Mm »Ct8Jt$nTlri«. T 
OAJ&iffi&KKOtl 5 1JS2. 0tfnT?&«© 
T?. S-SS8 3 l«u mffilBIHI 5 2 A« 1 . OMmtC&SJ: 
■5fc«fc*U&:*«&, ttB«IWl3 3&Katt8ttK2 1± 
lC«Jg2nTl>S. #«g3 1tt, mtfTa, Au, 

[00 571 01111 ^ail!2 1 iLT1^0& 
^©fttoDtCN i O, CoO#?<D»'ft:!»*fflV5fcxe> 

mmmmk i o izztimnmz 1 ©am^n^a 1 o 

tfitaaD. K3&8t£«t2 1 ©±tC«ft&$tt»jlUR 1 0 

««i3 3±fc*jisn-c*D, #*«©—«#«-© 

2 lli^W5£HK?«C #Jf©JP£te 
01 0£|^«T<&S. 
[0058] B12lt X M.y/VVZf^y K©^«£itS 

Sffllifc»^©»ffflH-e*S. £©&&©«&&&&* 
Ml 0©*U£I2,' K3$G&ffig£2 1 ©±Km=:©ittBttR 
1 3 , *Btt»#K 1 7 , ^-©^ttK 1 1 , 

^#^2 3, &=<Dmm&mi 5, S9mittgi2 2«*s 

1HS4I4LT, ^J^-^N i goF e20, Ni 6 8Fei7 
Co is, C O60N i 20F e2o, CogoFeio, Colfffl 

mmm. RU^n^<Dot><D^-z>^<Dm^mm\zmmv 
fr&mBi&m^xmtftznx&o. kvb«ix.(22^& 

1 5 nme«©F^©ft)(i^ffifC^^nT^S„ 
tMl 7Kt^Btt««lt2 3JC«, mtfCu^ffl 
enT43 0 , ^JPti^JA tf 1 ^ ^ 4 nmiSOfelCi 

a^ttkittjtdn-r^a. s_©»ittii 3^5 

0»«Ml5ttlgItUT, WAtfCo, N i 80F 
e20, N i esF e 17C 015, C O60N i 20F e 20, Co 
9oFei 0 t?©i|iJfJg|. S^^tie,©^^©^^©^* 

«SJA«1 ~ 5 nmfiKCWOMMtResnT^ 

■5. g3HBHtffi|2 1, 2 2lCtt, FesoMnso, Mnso 
I T20, NisoMnso, C r 45Mn45P t io^©-&^fe 
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[0059] 0 1 0 ~0 1 3 ©miKfWPJiWteR&tfJP 
[0 0 6 0] £TF. ^fgHJWXtfWW^y V-<D—M 

tit, 01 OfcjSbfc-Ny \ i &m^T&&<Dmw&ft 

3. 01 4«01 Ofc^T^fcf'WVl^'Vy Ktil 3 

tc^-rma©— sb^m r «_t kubj& ufc jt«© am r ^\ 

1 3tC^bfcAMR'\y h*H> tt&l£iri&MtBt 1 Oil 
TMR14 1, TOTai4 2, SAL4 3«bfc 

#tit£*rr 0 1 4 -c«#«® 3 1 nfiRmimfr 2 

1, £fcteMRI84 l±tZffim-£tlT^Z>&tt<Dm5 3 

«&Ef&«jf 3 3^e»^«S3 1 (Dffi&m-comm 

— n—^vrfW) ^{fcS-erT, *\y FOH^UA&ai 
5£Ufc. *SHSjRS 5 2 fct 1 . 0 Mm — 5£<fcU :t—A— 
?y7*5 3&Xft:3li-;£«£lZtt. ttft&tt&KKCD 
M 5 1 "bPTOf fc*ft:3-&fc. 014 K^T J: 3 fcjfctfc© 
@13C9AMRAyHffl«^ t-n-7-y^i5 3S 

e>, *IifflXt:>A>^7 F©«£\ 
^15 3 **t< bfe«^0HlA±#ttf t^. Xtf> 
/VV^y \ t Xlhtl&&<t3L2><D\3.. ffiSKfclffllJl 3 3© 
^STJgsft<D« < & o T fr> Stt£tiS$i&*K lOOi* 

fflomNnft*. 3 i ^-r-s £ £ 

#©ffi#©*£Et9ffiLT^-5*:J&-e&-5. — AM 

tttustmi o<Dot>&mm3 la^-A-yyyufc 

a— a*- ^ y ^"w^iiicj: zmikvimomw*. 
&m&mi 3<Dmtt.vm&, mmz&^T$ziki,iz<^ 

^y FKtt, £-«®3 l©-gB£K3$fi&ffig£2 1 

*r.©5»^<&5 c t.ftt>fri tz. 
[0 0 6 1] mz. ir—n-^yjms 3©*jgfil£;j< 
tbfz. 014^5., *fBWWvy KtCiJ^T, 'Ny KCD 

7^15 350. 2 5 wm BUiKl-rtltf&H;: <hrit*>7&> 

{CffiS^gtri^mK 1 0 0tS*(fiI©«g6 J; D t> 0 . 2 5 m 
m «±rtflJf;:&£J:3(£iB©T3££#M£L^. — 
*-A-77/l5 3^0Af<tSi:, fiSlug 



tn$>*ffill 0©Mffl!llcBSSUTEBSnTt^fiSlE:» 
-f X»*»fc & 3 1 <D9cS&ffl<Di%& 

1 0lMf7 £-hlel5, fiB^Jgiri3S)*B£ 1 0 

<»mjjfa<»n%)mmjj&&R&. mm.®mm3 3iz£^> 
xm— <D&M&m 1 1 izwtiaznx^z £ t^a* u 
^. 11 sit a*— 77^15 3 <t> ma^spic* 

tt£m^&ift3&*lg| 1 0©1@*[^©^«lS*tt<S#<i: 
©BI«**T«80TSS. 01 5#>£Sffi3gg8&HT© 

A— ^y7*5 3tt2 MmaTlCT-StS^dt^ 

t>fr^>rz.- -e-ciT, #*ffi3 i©5fe^©^S5&a*. 

A— 77^15 3iUTfi. 0.2 5|imHiT2 
[0 0 6 2] 016H X MZs/WJ^v HfCiSt^T, 
y K©«fc 5 fc*— A*- 7 y ^»»<*!^»-&©*eKf!S 
B8«*^-r^0T*^>. *5gHj(c*i^sxfcf>A*;i/^ 

y KlC^ViTtt. #S«I3 l^S^fi8tt^[2 1 
t^bfc^--A-7y^»5 3Sr0. 5 Mm tU ^ 
mgia^l*M©ifB 5 1 *®aF B 1PS5 2C1. 0/im 
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SOLUTION: This head is formed by constituting a , , ^ 

magneto-resistance effect film 10 of a laminated wmS* * 

composed a first ferromagnetic film 8, a nomnagnetic 
conductive film 20 and second ferromagnetic films 22, 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A magneto-resistive effect film with which the laminating of two or more films of 
magnitude corresponding to the width of recording track of magnetic-recording data medium was 
carried out, It has a magnetic-domain control layer which adjoined both sides of a magneto- 
resistive effect film, and has been arranged, and an electrode of a pair which the laminating was 
carried out on a magnetic-domain control layer, and was connected to a magneto-resistive 
effect film and an electric target. Said magneto-resistive effect film The first ferromagnetic of 
**** or two or more layers from which the magnetization direction changes with the magnetic 
fields from magnetic-recording data medium, nonmagnetic [ which was inserted between a 
monolayer or the second ferromagnetic of two or more layers to which the magnetization 
direction was fixed, and said first ferromagnetic and second ferromagnetic ] — a conductor — 
with a film It is the magneto-resistive effect mold arm head which has an antiferromagnetism film 
or a permanent magnet film which fixes the magnetization direction of said second 
ferromagnetic. A magneto-resistive effect mold arm head to which the laminating of some 
electrodes of said pair is carried out on said magneto-resistive effect film, and it is characterized 
by a gap of each of said electrode being narrower than width of face of said magneto-resistive 
effect film, and being formed, respectively. 

[Claim 2] A magneto-resistive effect film with which the laminating of two or more films of 
magnitude corresponding to the width of recording track of magnetic-recording data medium was 
carried out. It has a magnetic-domain control layer which adjoined both sides of a magneto- 
resistive effect film, and has been arranged, and an electrode of a pair which the laminating was 
carried out on a magnetic-domain control layer, and was connected to a magneto-resistive 
effect film and an electric target. A magneto-resistive effect film A monolayer or the first 
ferromagnetic of two or more layers from which the magnetization direction changes with the 
magnetic fields from magnetic-recording data medium, nonmagnetic [ which was inserted 
between a monolayer or the second ferromagnetic of two or more layers to which the 
magnetization direction was fixed, and said first ferromagnetic and second ferromagnetic ] — a 
conductor — with a film It is the magneto-resistive effect mold arm head which has an 
antiferromagnetism film or a permanent magnet film which fixes the magnetization direction of 
said second ferromagnetic. A magneto-resistive effect mold arm head to which the laminating of 
some electrodes of said pair is carried out on said antiferromagnetism film or a permanent 
magnet film, and it is characterized by a gap of each of said electrode being narrower than width 
of face of said magneto-resistive effect film, and being formed, respectively. 
[Claim 3] A magneto-resistive effect film with which the laminating of two or more films of 
magnitude corresponding to the width of recording track of magnetic-recording data medium was 
carried out, It has a magnetic-domain control layer which adjoined both sides of a magneto- 
resistive effect film, and has been arranged, and an electrode of a pair which the laminating was 
carried out on a magnetic-domain control layer, and was connected to a magneto-resistive 
effect film and an electric target. Said magneto-resistive effect film A monolayer or the first 
ferromagnetic of two or more layers from which the magnetization direction changes with the 
magnetic fields from magnetic-recording data medium, A monolayer or the second and third 
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ferromagnetics of two or more layers to which the magnetization direction was fixed, 
nonmagnetic [ which was inserted between said first ferromagnetic and second ferromagnetic / 
first ] — a conductor — with a film The laminating of a film and said first ferromagnetic is 
carried out on said second ferromagnetic, nonmagnetic [ which was inserted between said first 
ferromagnetic and third ferromagnetic / second ] — a conductor — said third ferromagnetic It is 
the magneto-resistive effect mold arm head which has an antiferromagnetism film or a 
permanent magnet film which the laminating is carried out on said first ferromagnetic, and fixes 
the magnetization direction of said second and third ferromagnetics. A magneto-resistive effect 
mold arm head to which a laminating is carried out on an antiferromagnetism film with which 
some electrodes of said pair are fixing the magnetization direction of said third ferromagnetic, 
respectively, or a permanent magnet film, and a gap of each of said electrode is characterized by 
being formed more narrowly than width of face of said magneto-resistive effect film. 
[Claim 4] A magneto-resistive effect film with which the laminating of two or more films of 
magnitude corresponding to the width of recording track of magnetic-recording data medium was 
carried out, It has a magnetic-domain control layer which adjoined both sides of a magneto- 
resistive effect film, and has been arranged, and an electrode of a pair which the laminating was 
carried out on a magnetic-domain control layer, and was connected to a magneto-resistive 
effect film and an electric target. Said magneto-resistive effect film A monolayer or the first 
ferromagnetic of two or more layers from which the magnetization direction changes with the 
magnetic fields from magnetic-recording data medium, nonmagnetic [ which was inserted 
between a monolayer or the second ferromagnetic of two or more layers to which the 
magnetization direction was fixed, and said first ferromagnetic and second ferromagnetic ] — a 
conductor — with a film It is the magneto-resistive effect mold arm head characterized by for 
said second ferromagnetic being the magneto-resistive effect mold arm head by which the 
laminating is carried out on an antiferromagnetism film which fixes the magnetization direction, or 
a permanent magnet film, and arranging an electrode of said pair in a location which passes 
current only to a core of said magneto-resistive effect film. 

[Claim 5] A magneto-resistive effect film with which the laminating of two or more films of 
magnitude corresponding to the width of recording track of magnetic-recording data medium was 
carried out, It has a magnetic-domain control layer which adjoined both sides of a magneto- 
resistive effect film, and has been arranged, and an electrode of a pair which the laminating was 
carried out on a magnetic-domain control layer, and was connected to a magneto-resistive 
effect film and an electric target. Said magneto-resistive effect film A monolayer or the first 
ferromagnetic of two or more layers from which the magnetization direction changes with the 
magnetic fields from magnetic-recording data medium, nonmagnetic [ which was inserted 
between a monolayer or the second ferromagnetic of two or more layers to which the 
magnetization direction was fixed, and said first ferromagnetic and second ferromagnetic ] — a 
conductor — with a film It is the magneto-resistive effect mold arm head characterized by for 
an antiferromagnetism film or a permanent magnet film which fixes the magnetization direction 
on said second ferromagnetic being the magneto-resistive effect mold arm head by which the 
laminating is carried out, and arranging an electrode of said pair in a location which passes 
current only to a core of said magneto-resistive effect film. 

[Claim 6] A magneto-resistive effect film with which the laminating of two or more films of 
magnitude corresponding to the width of recording track of magnetic-recording data medium was 
carried out, It has a magnetic-domain control layer which adjoined both sides of a magneto- 
resistive effect film, and has been arranged, and an electrode of a pair which the laminating was 
carried out on this magnetic-domain control layer, and was connected to a magneto-resistive 
effect film and an electric target. Said magneto-resistive effect film A monolayer or the first 
ferromagnetic of two or more layers from which the magnetization direction changes with the 
magnetic fields from magnetic-recording data medium, A monolayer or the second and third 
ferromagnetics of two or more layers to which the magnetization direction was fixed, 
nonmagnetic [ which was inserted between said first ferromagnetic and second ferromagnetic / 
first ] — a conductor — with a film nonmagnetic [ which was inserted between said first 
ferromagnetic and third ferromagnetic / second ] — a conductor — with a film The laminating of 
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said first ferromagnetic is carried out on the second ferromagnetic, and the laminating of the 
third ferromagnetic is carried out on the first ferromagnetic. It is the magneto-resistive effect 
mold arm head characterized by being the magneto-resistive effect mold arm head which has an 
antiferromagnetism film or a permanent magnet film which fixes the magnetization direction of 
said second and third ferromagnetics, and arranging an electrode of said pair in a location which 
passes current only to a core of said magneto-resistive effect film. 

[Claim 7] A magneto-resistive effect film with which the laminating of two or more films of 
magnitude corresponding to the width of recording track of magnetic-recording data medium was 
carried out, It has a magnetic-domain control layer which adjoined both sides of a magneto- 
resistive effect film, and has been arranged, and an electrode of a pair which the laminating was 
carried out on a magnetic-domain control layer, and was connected to a magneto-resistive 
effect film and an electric target. Said magneto-resistive effect film A monolayer or the first 
ferromagnetic of two or more layers which the magnetization direction changed with the 
magnetic fields from magnetic-recording data medium, and was prepared in contact with said 
electrode, nonmagnetic [ which was inserted between a monolayer or the second ferromagnetic 
of two or more layers to which the magnetization direction was fixed, and said first ferromagnetic 
and second ferromagnetic ] — a conductor — with a film It is the magneto-resistive effect mold 
arm head which has an antiferromagnetism film or a permanent magnet film which fixes the 
magnetization direction of said second ferromagnetic. A magneto-resistive effect mold arm head 
to which the laminating of some electrodes of said pair is carried out on said magneto-resistive 
effect film, and it is characterized by a gap of each of said electrode being narrower than width 
of face of said magneto-resistive effect film, and being formed, respectively. 
[Claim 8] A magneto-resistive effect film with which the laminating of two or more films of 
magnitude corresponding to the width of recording track of magnetic-recording data medium was 
carried out, It has a magnetic-domain control layer which adjoined both sides of a magneto- 
resistive effect film, and has been arranged, and an electrode of a pair which the laminating was 
carried out on a magnetic-domain control layer, and was connected to a magneto-resistive 
effect film and an electric target. A magneto-resistive effect film A monolayer or the first 
ferromagnetic of two or more layers from which the magnetization direction changes with the 
magnetic fields from magnetic-recording data medium, nonmagnetic [ which was inserted 
between a monolayer or the second ferromagnetic of two or more layers to which the 
magnetization direction was fixed, and said first ferromagnetic and second ferromagnetic ] — a 
conductor — with a film It has an antiferromagnetism film or a permanent magnet film which 
fixes the magnetization direction of said second ferromagnetic. This antiferromagnetism film or a 
permanent magnet film is a magneto-resistive effect mold arm head prepared in contact with 
said electrode. A magneto-resistive effect mold arm head to which the laminating of some 
electrodes of said pair is carried out on said antiferromagnetism film or a permanent magnet film, 
and it is characterized by a gap of each of said electrode being narrower than width of face of 
said magneto-resistive effect film, and being formed, respectively. 

[Claim 9] A magneto-resistive effect film with which the laminating of two or more films of 
magnitude corresponding to the width of recording track of magnetic-recording data medium was 
carried out, It has a magnetic-domain control layer which adjoined both sides of a magneto- 
resistive effect film, and has been arranged, and an electrode of a pair which the laminating was 
carried out on a magnetic-domain control layer, and was connected to a magneto-resistive 
effect film and an electric target. Said magneto-resistive effect film A monolayer or the first 
ferromagnetic of two or more layers from which the magnetization direction changes with the 
magnetic fields from magnetic-recording data medium, A monolayer or the second and third 
ferromagnetics of two or more layers to which the magnetization direction was fixed, 
nonmagnetic [ which was inserted between said first ferromagnetic and second ferromagnetic / 
first ] — a conductor — with a film The laminating of a film and said first ferromagnetic is 
carried out on said second ferromagnetic, nonmagnetic [ which was inserted between said first 
ferromagnetic and third ferromagnetic / second ] — a conductor — said third ferromagnetic The 
laminating is carried out on said first ferromagnetic, and it has an antiferromagnetism film or a 
permanent magnet film which fixes the magnetization direction of said second and third 



http://www4.ipdl.jpo.gojp/cgi-bin/tran_web_cgLejje?u=http%3A%2F%2Fwww4.ipdljp... 2003/12/22 



4/6 ^— v 



ferromagnetics. Said first and the second and third ferromagnetics are magneto-resistive effect 
mold arm heads prepared between said antiferromiagnetism film of a pair, or a permanent magnet 
film. A magneto-resistive effect mold arm head to which a laminating is carried out on an 
antiferromagnetism film with which some electrodes of said pair are fixing the magnetization 
direction of said third ferromagnetic, respectively, or a permanent magnet film, and a gap of each 
of said electrode is characterized by being formed more narrowly than width of face of said 
magneto-resistive effect film. 

[Claim 10] A magneto-resistive effect film with which the laminating of two or more films of 
magnitude corresponding to the width of recording track of magnetic-recording data medium was 
carried out, A magnetic-domain control layer which consists of a permanent magnet which 
adjoined both sides of a magneto-resistive effect film, and has been arranged, It has an 
electrode of a pair which the laminating was carried out on a magnetic-domain control layer, and 
was connected to a magneto-resistive effect film and an electric target. Said magneto-resistive 
effect film A monolayer or the first ferromagnetic of two or more layers from which the 
magnetization direction changes with the magnetic fields from magnetic-recording data medium, 
nonmagnetic [ which was inserted between a monolayer or the second ferromagnetic of two or 
more layers to which the magnetization direction was fixed, and said first ferromagnetic and 
second ferromagnetic ] — a conductor — with a film It is the magneto-resistive effect mold arm 
head which has an antiferromagnetism film which fixes the magnetization direction of said 
second ferromagnetic. A magneto-resistive effect mold arm head to which the laminating of 
some electrodes of said pair is carried out on said magneto-resistive effect film, and it is 
characterized by a gap of each of said electrode being narrower than width of face of said 
magneto-resistive effect film, and being formed, respectively. 

[Claim 1 1] A magneto-resistive effect film with which the laminating of two or more films of 
magnitude corresponding to the width of recording track of magnetic-recording data medium was 
carried out, A magnetic-domain control layer which consists of a cascade screen of an 
antiferromagnetism film and a soft magnetism film which adjoined both sides of a magneto- 
resistive effect film, and have been arranged, It has an electrode of a pair which the laminating 
was carried out on a magnetic-domain control layer, and was connected to a magneto-resistive 
effect film and an electric target- A magneto-resistive efFect film A monolayer or the first 
ferromagnetic of two or more layers from which the magnetization direction changes with the 
magnetic fields from magnetic-recording data medium, nonmagnetic [ which was inserted 
between a monolayer or the second ferromagnetic of two or more layers to which the 
magnetization direction was fixed, and said first ferromagnetic and second ferromagnetic ] — a 
conductor — with a film It is the magneto-resistive effect mold arm head which has an 
antiferromagnetism film or a permanent magnet film which fixes the magnetization direction of 
said second ferromagnetic. A magneto-resistive effect mold arm head to which the laminating of 
some electrodes of said pair is carried out on said magneto-resistive effect film, and it is 
characterized by a gap of each of said electrode being narrower than width of face of said 
magneto-resistive effect film, and being formed, respectively. 

[Claim 1 2] A magneto-resistive effect film with which the laminating of two or more films of 
magnitude corresponding to the width of recording track of magnetic-recording data medium was 
carried out, A magnetic-domain control layer which consists of a permanent magnet which 
adjoined both sides of a magneto-resistive effect film, and has been arranged, It has an 
electrode of a pair which the laminating was carried out on a magnetic-domain control layer, and 
was connected to a magneto-resistive effect film and an electric target. Said magneto-resistive 
effect film A monolayer or the first ferromagnetic of two or more layers from which the 
magnetization direction changes with the magnetic fields from magnetic-recording data medium, 
nonmagnetic [ which was inserted between a monolayer or the second ferromagnetic of two or 
more layers to which the magnetization direction was fixed, and said first ferromagnetic and 
second ferromagnetic ] — a conductor — with a film It is the magneto-resistive effect mold arm 
head which has an antiferromagnetism film which fixes the magnetization direction of said 
second ferromagnetic. A magneto-resistive effect mold arm head to which the laminating of 
some electrodes of said pair is carried out on said antiferromagnetism film, and it is 
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characterized by a gap of each of said electrode being narrower than width of face of said 
magneto-resistive effect film, and being formed, respectively. 

[Claim 13] A magneto-resistive effect film with which the laminating of two or more films of 
magnitude corresponding to the width of recording track of magnetic-recording data medium was 
carried out, A magnetic-domain control layer which consists of a cascade screen of an 
antiferromagnetism film and a soft magnetism film which adjoined both sides of a magneto- 
resistive effect film, and have been arranged. It has an electrode of a pair which the laminating 
was carried out on a magnetic-domain control layer, and was connected to a magneto-resistive 
effect film and an electric target. A magneto-resistive effect film A monolayer or the first 
ferromagnetic of two or more layers from which the magnetization direction changes with the 
magnetic fields from magnetic-recording data medium, nonmagnetic [ which was inserted 
between a monolayer or the second ferromagnetic of two or more layers to which the 
magnetization direction was fixed, and said first ferromagnetic and second ferromagnetic ] — a 
conductor — with a film It is the magneto-resistive effect mold arm head which has an 
antiferromagnetism film or a permanent magnet film which fixes the magnetization direction of 
said second ferromagnetic. A magneto-resistive effect mold arm head to which the laminating of 
some electrodes of said pair is carried out on said antiferromagnetism film or a permanent 
magnet film, and it is characterized by a gap of each of said electrode being narrower than width 
of face of said magneto-resistive effect film, and being formed, respectively. 
[Claim 14] A magneto-resistive effect film with which the laminating of two or more films of 
magnitude corresponding to the width of recording track of magnetic-recording data medium was 
carried out, A magnetic-domain control layer which consists of a permanent magnet which 
adjoined both sides of a magneto-resistive effect film, and has been arranged, It has an 
electrode of a pair which the laminating was carried out on a magnetic-domain control layer, and 
was connected to a magneto-resistive effect film and an electric target. Said magneto-resistive 
effect film A monolayer or the first ferromagnetic of two or more layers from which the 
magnetization direction changes with the magnetic fields from magnetic-recording data medium, 
A monolayer or the second and third ferromagnetics of two or more layers to which the 
magnetization direction was fixed, nonmagnetic [ which was inserted between said first 
ferromagnetic and second ferromagnetic / first ] — a conductor — with a film The laminating of 
a film and said first ferromagnetic is carried out on said second ferromagnetic, nonmagnetic 
[ which was inserted between said first ferromagnetic and third ferromagnetic / second ] — a 
conductor — said third ferromagnetic The laminating is carried out on said first ferromagnetic, 
and it has an antiferromagnetism film which fixes the magnetization direction of said second and 
third ferromagnetics. Said first and the second and third ferromagnetics are magneto-resistive 
effect mold arm heads prepared between said antiferromagnetism films of a pair. A magneto- 
resistive effect mold arm head to which a laminating is carried out on an antiferromagnetism film 
with which some electrodes of said pair are fixing the magnetization direction of said third 
ferromagnetic, respectively, and a gap of each of said electrode is characterized by being formed 
more narrowly than width of face of said magneto-resistive effect film. 

[Claim 15] A magneto-resistive effect film with which the laminating of two or more films of 
magnitude corresponding to the width of recording track of magnetic-recording data medium was 
carried out, A magnetic-domain control layer which consists of a cascade screen of an 
antiferromagnetism film and a soft magnetism film which adjoined both sides of a magneto- 
resistive effect film, and have been arranged, It has an electrode of a pair which the laminating 
was carried out on a magnetic-domain control layer, and was connected to a magneto-resistive 
effect film and an electric target. Said magneto-resistive effect film A monolayer or the first 
ferromagnetic of two or more layers from which the magnetization direction changes with the 
magnetic fields from magnetic-recording data medium, A monolayer or the second and third 
ferromagnetics of two or more layers to which the magnetization direction was fixed, 
nonmagnetic [ which was inserted between said first ferromagnetic and second ferromagnetic / 
first ] — a conductor — with a film The laminating of a film and said first ferromagnetic is 
carried out on said second ferromagnetic, nonmagnetic [ which was inserted between said first 
ferromagnetic and third ferromagnetic / second ] — a conductor — said third ferromagnetic The 
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laminating is carried out on said first ferromagnetic, and it has an antiferromagnetism film or a 
permanent magnet film which fixes the magnetization direction of said second and third 
ferromagnetics. Said first and the second and third ferromagnetics are magneto-resistive effect 
mold arm heads prepared between said antiferromagnetism film of a pair, or a permanent magnet 
film. A magneto-resistive effect mold arm head to which a laminating is carried out on an 
antiferromagnetism film with which some electrodes of said pair are fixing the magnetization 
direction of said third ferromagnetic, respectively, or a permanent magnet film, and a gap of each 
of said electrode is characterized by being formed more narrowly than width of face of said 
magneto-resistive effect film. 

[Claim 16] Width of face of said magneto-resistive effect film is 0:5-4 micrometers to a gap of 
an electrode of said pair. A magneto-resistive effect mold arm head according to claim 1 to 15 
characterized by having an applied value. 

[Claim 1 7] Each electrode of an electrode of said pair is a magneto-resistive effect mold arm 
head according to claim 1 to 16 characterized by having lapped with said magneto-resistive 
effect film in 0.25-2 micrometers to a crosswise edge of said magneto-resistive effect film. 
[Claim 18] An electrode spacing of an electrode of said pair is a magneto-resistive effect mold 
arm head according to claim 1 to 17 characterized by being 2 micrometers or less. 
[Claim 1 9] It is the magnetic regenerative apparatus characterized by said reproducing head 
consisting of a magneto-resistive effect mold arm head according to claim 1 to 18 in a magnetic 
regenerative apparatus equipped with the reproducing head which changes into an electrical 
signal change of a magnetic field which reveals information from magnetic-recording data 
medium recorded magnetically and this magnetic-recording data medium, and a regeneration 
circuit which processes an electrical signal from the reproducing head. 
[Claim 20] Magnetic-recording data medium which records information magnetically, and a 
recording head which a magnetic field according to an electrical signal is generated [ recording 
head ], and makes information by this magnetic field record on said magnetic-recording data 
medium. In a magnetic recorder and reproducing device equipped with the reproducing head 
which changes into an electrical signal change of a magnetic field revealed from magnetic- 
recording data medium, and a regeneration circuit which processes an electrical signal from the 
reproducing head Said reproducing head is a magnetic recorder and reproducing device 
characterized by consisting of a magneto— resistive effect mold arm head according to claim 1 to 
18. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the magnetic recorder 
and reproducing device using a new magneto-resistive effect mold arm head and new it, and 
relates to the magnetic recorder and reproducing device using the magneto-resistive effect mold 
arm head and it suitable as the reproducing head which reproduce the information on magnetic- 
recording data medium especially using giant magneto-resistance. 
[0002] 

[Description of the Prior Art] The reproducing head is carried in the magnetic recorder and 
reproducing device with the recording head, and the AMR (Anisotropic Magnetoresistive) arm 
head using an anisotropy magneto-resistive effect is known as the reproducing head. In this 
AMR arm head, the Barkhausen noise generated from an arm head is controlled, and since it is 
required that malfunction of a magnetic recorder and reproducing device should be prevented, 
the configuration which prepares the magnetic-domain control layer for maintaining a magneto- 
resistive effect film at a single magnetic domain in an arm head is adopted. 
[0003] In the AMR arm head of the first generation in which the magnetic-domain control layer 
was prepared, the magnetic-domain control system called a PATANDO exchange is adopted, for 
example as indicated by U.S. Pat. No. 4663685. This method carries out pattern NINGU of the 
magnetic-domain control layer which consists of an antiferromagnetism film etc., carries out the 
laminating of the magnetic-domain control layer by which pattern NINGU was carried out only to 
the edge field of a magneto-resistive effect film (MR film), arranges it to it, maintains this field at 
a single magnetic domain, and guides a central magnetic force sencor (be caught in the electrode 
of a pair field which changes change of a magnetic field into an electrical signal) to a single 
magnetic-domain condition among MR films. 

[0004] According to the AMR arm head which adopted the PATANDO exchange method, it is 
known by enlarging the gap of a magnetic-domain control layer compared with an electrode 
spacing, for example that sensitivity will improve as indicated by the paperMagnetics Society of 
Japan 19th volume page 105 (1995). 

[0005] In the AMR arm head of the second generation, in consideration of the point which is 
easy to manufacture rather than the AMR arm head of the first generation, the hard bias method 
is adopted as indicated by JP,3-12531 1 ,A. This method cuts off the both sides of MR film 
extended even to the edge field, forms MR film only in a magnetic force sencor, arranges a 
permanent magnet film on both sides of this MR film, and maintains a magnetic force sencor at a 
single magnetic-domain condition by the magnetic field which a permanent magnet film makes. In 
addition, what used the cascade screen of a soft magnetism film (ferromagnetic) and an 
antiferromagnetism film is proposed instead of the permanent magnet film as indicated by JP t 7- 
57223A 

[0006] According to the AMR arm head which adopted the hard bias method, low resistance, high 
signal to noise ratio, and an arm head with high electric reliability are obtained by forming some 
electrodes on MR film, for example as indicated by U.S. Pat. No. 5438470. However, it is known 
that there is a defect that a reading blot of the signal of an adjoining truck is large, bad [ a cross 
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talk property ] as the arm head of this structure is indicated by for example, paper:IEEE 
Trans.Magn., vol.32, and p.67 (1996). 

[0007] As a high sensitivity next generation [ which is replaced with the AMR arm head ] on the 
other hand MR head, the spin valve head using giant magneto-resistance is proposed as 
indicated by JP,4-358310,A. nonmagnetic [ by which this spin valve head was inserted as a 
magneto-resistive effect film between the first ferromagnetic from which the magnetization 
direction changes with the magnetic fields from magnetic-recording data medium, and the 
second ferromagnetic to which the magnetization direction was fixed ] — a conductor — it 
consists of films and has composition by which the laminating was carried out to the 
antiferromagnetism film or permanent magnet film with which the second ferromagnetic fixes 
that magnetization direction. Moreover, in order to make the output of a spin valve head high, the 
dual type spin valve head is proposed as indicated by JP,5~347013,A as the application. The first 
ferromagnetic from which, as for this dual spin valve head, the magnetization direction changes 
with the magnetic fields from magnetic-recording data medium as a magneto-resistive effect 
film, nonmagnetic [ which was inserted between the second and third ferromagnetics to which 
the magnetization direction was fixed, and the first ferromagnetic and the second ferromagnetic ] 
— a conductor — with a film It consists of films, nonmagnetic [ which was inserted between the 
first ferromagnetic and the third ferromagnetic ] — a conductor — the second ferromagnetic 
and third ferromagnetic The laminating of the first ferromagnetic is carried out up and down, and 
the second and third ferromagnetic has composition by which the direct laminating was carried 
out to the antiferromagnetism film or permanent magnet film which fixes each magnetization 
direction so that it may face to the first ferromagnetic. 

[0008] In each [ these ] spin valve head, since it is the first ferromagnetic that the magnetization 
direction changes with the magnetic fields from magnetic-recording data medium, in a spin valve 
head, to change the first ferromagnetic into a single magnetic-domain condition is demanded 
[0009] 

[Problem(s) to be Solved by the Invention] Although the spin valve head is known as an arm 
head replaced with the AMR arm head, in the conventional spin valve head using a hard bias 
method, depending on the strength of a magnetic-domain control layer, a playback wave may be 
distorted or a playback output may decline. 

[0010] For example, when the strength of the magnetic-domain control layer for controlling the 
first ferromagnetic to a single magnetic domain is not necessarily enough, distortion and a 
magnetic recorder and reproducing device may malfunction [ a playback wave ]. Generally this 
distortion is called a Barkhausen noise and it turned out that the cause of generating of this 
noise is in the discontinuous movement toward magnetization of the first ferromagnetic edge. 
And the spin valve head tends to carry out nearby generating of this Barkhausen noise from the 
AMR arm head. As mentioned above, while operating this focusing on the condition of having 
turned magnetization of the first ferromagnetic just beside, by the spin valve head, with the AMR 
arm head, making it operate focusing on the condition of having leaned magnetization of MR film 
near 45 degrees of slant requires it. That is, in a spin valve head, when the leakage magnetic field 
(positive, negative) of magnetic-recording data medium is impressed, it is because magnetization 
of the first ferromagnetic edge is reversed in the vertical direction. This is because 
magnetostatic energy will become high if magnetization of the first ferromagnetic edge turns to 
just beside when the strength of a magnetic-domain control layer is not necessarily enough, so a 
slant top or the bottom of slant is in a stable condition as a magnetization direction. On the 
other hand, with the AMR arm head, since magnetization of the first ferromagnetic edge has 
always turned to the direction of slant, it is hard to produce the discontinuous movement toward 
magnetization like a spin valve head. 

[001 1] Next, if the gap of the electrode of a spin valve head is narrowed on the occasion of a 
raise in the track density of a magnetic recorder and reproducing device when the strength of a 
magnetic-domain control layer is to some extent enough, the output per unit electrode spacing 
(sensitivity) will decline rapidly. The output of a spin valve head becomes large in proportion to 
the gap of an electrode fundamentally. It is [ this ] reasonable in the whole voltage change 
becoming large, so that the portion from which voltage changes is connected to a serial for a 
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long time. However, if the gap of an electrode is only narrowed in the spin valve head of the 
conventional hard bias structure, the output per unit electrode spacing (sensitivity) will decline 
rapidly. If especially an electrode spacing is set to 2 micrometers or less, the sensitivity of an 
arm head will fall to 90% or less of original sensitivity. The cause of a fall of this sensitivity is the 
effect of a magnetic-domain control layer by which the laminating is carried out to the bottom of 
an electrode, and is in the sensitivity of the right-and-left both-ends field of the first 
ferromagnetic being low. Therefore, the rate for the center section where sensitivity is high 
decreases as an electrode spacing becomes narrow and the effect of a magnetic-domain control 
layer becomes strong, and sensitivity falls as a result. Therefore, in the spin valve head of the 
conventional hard bias structure, if an electrode spacing is only narrowed, sensitivity will become 
low rapidly and malfunction of a magnetic recorder and reproducing device will increase. As this 
result, high track density-ization of a magnetic recorder and reproducing device becomes 
difficult. 

[0012] Furthermore, when the strength of a magnetic-domain control layer is to some extent 
enough, even when an electrode spacing is fixed, the output of an arm head declines so rapidly 
that the strength of a magnetic-domain control layer becomes strong. For example, when the 
longitudinal bias ratio which is the scale which shows the strength of a magnetic-domain control 
layer is 2, the output of an arm head falls to about 60% of an original output. Here, a longitudinal 
bias-ratio is a value expressed with the ratio of the residual magnetic flux density Br of a 
permanent magnet film, an addition value (Bi — t) with Thickness t, and the saturation magnetic 
flux density Bs of the first ferromagnetic in a spin valve head and an addition value (Bs-t) with 
Thickness t, when a magnetic-domain control layer is a permanent magnet. Moreover, a 
longitudinal bias ratio is a value expressed with the ratio of the saturation magnetic flux density 
Bs of the ferromagnetic in a magnetic-domain control layer, the saturation magnetic flux density 
Bs of the first ferromagnetic [ in / for an addition value (Bs-t) with Thickness t / a spin valve 
head ], and an addition value (Bs-t) with Thickness t, when a magnetic-domain control layer is 
the cascade screen of a ferromagnetic and an antiferromagnetism film. 

[001 3] Furthermore, since a magnetic-domain control layer is produced at another production 
process with the first ferromagnetic, the strength of a magnetic-domain control layer, i.e., a 
longitudinal bias ratio, has the variation in a certain range. Variation occurs in the output of an 
arm head as the result. And as it mentipned above that the strength of a magnetic-domain 
control layer was inadequate, the strength of a magnetic-domain control layer is greatly set up a 
little rather than the required value from the place where a Barkhausen noise occurs. An output 
becomes low as the result. 

[0014] Thus, in the spin valve head of the conventional hard bias structure, since it is greatly 
dependent on the strength of a magnetic-domain control layer, when the strength of a magnetic- 
domain control layer is strong, an output declines and malfunction of a magnetic recorder and 
reproducing device increases the output of an arm head. 

[0015] The purpose of this invention is to offer the magnetic regenerative apparatus and 
magnetic recorder and reproducing device using the magneto-resistive effect mold arm head 
which can obtain the high playback output which did not depend on the strength of a magnetic- 
domain control layer, but was stabilized, and this arm head, when an electrode spacing is narrow. 
[0016] 

[Means for Solving the Problem] A magneto-resistive effect film with which the laminating of two 
or more films of magnitude corresponding to the width of recording track of magnetic-recording 
data medium in this invention was carried out to a multilayer in order to attain said purpose, A 
magnetic-domain control layer which adjoined both sides of a field, of the cross direction which 
intersects the direction of a laminating of a magneto-resistive effect film, and has been arranged, 
It has an electrode of a pair which the laminating was carried out on a magnetic-domain control 
layer, and was connected to a magneto-resistive effect film and an electric target. A magneto- 
resistive effect film A monolayer or the first ferromagnetic of two or more layers from which the 
magnetization direction changes with the magnetic fields from magnetic-recording data medium, 
It has a film, nonmagnetic [ which was inserted between a monolayer or the second 
ferromagnetic of two or more layers to which the magnetization direction was fixed, and the first 
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ferromagnetic and the second ferromagnetic ] — a conductor — It is the magneto-resistive 
effect mold arm head by which the direct laminating is carried out on an antiferromagnetism film 
with which the second ferromagnetic fixes the magnetization direction, or a permanent magnet 
film. The laminating of some electrodes of said pair is carried out on said magneto-resistive 
effect film, respectively. A gap of each of said electrode being formed more narrowly than width 
of face of said magneto-resistive effect film or an electrode is arranged in a location which 
passes current only to a core of a magneto-resistive effect film, and a magneto-resistive effect 
mold arm head characterized by the gap being 2 micrometers or less is constituted. 
[0017] Moreover, the gap can be set to 0.25-1.5 micrometers. 

[0018] Among magneto-resistive effect mold arm heads using giant magneto-resistance, the 
laminating of some electrodes of a pair is carried out on said antiferromagnetism film or a 
permanent magnet film, and a gap of each electrode can adopt a configuration by which it is 
formed more narrowly than width of face of a magneto-resistive effect film as that to which the 
direct laminating of an antiferromagnetism film or a permanent magnet film which fixes the 
magnetization direction on the second ferromagnetic is carried out, respectively. 
[0019] A magneto-resistive effect film with which the laminating of two or more films of 
magnitude corresponding to the width of recording track of magnetic-recording data medium in 
this invention was carried out, It has a magnetic-domain control layer which adjoined both sides 
of a magneto-resistive effect film, and has been arranged, and an electrode of a pair which the 
laminating was carried out on this magnetic-domain control layer, and was connected to a 
magneto-resistive effect film and an electric target. Said magneto-resistive effect film The first 
ferromagnetic from which the magnetization direction changes with the magnetic fields from 
magnetic-recording data medium, nonmagnetic [ which was inserted between the second and 
third ferromagnetics to which the magnetization direction was fixed, and said first ferromagnetic 
and second ferromagnetic / first ] — a conductor — with a film nonmagnetic [ which was 
inserted between said first ferromagnetic and third ferromagnetic / second ] — a conductor — 
with a film The laminating of said first ferromagnetic is carried out on the second ferromagnetic, 
the laminating of the third ferromagnetic is carried out on the first ferromagnetic, and it is in a 
magneto-resistive effect mold arm head which has an antiferromagnetism film or a permanent 
magnet film which fixes the magnetization direction of said second and third ferromagnetics. 
[0020] An antiferromagnetism film or a permanent magnet film which fixes the magnetization 
direction on the third ferromagnetic among magneto-resistive effect mold arm heads using the 
giant magneto-resistance to that by which the direct laminating is carried out The laminating of 
some electrodes of a pair is carried out to said antiferromagnetism film or a permanent magnet 
film, respectively. It is arranged in a location which a gap of each electrode is formed more 
narrowly than width of face of a magneto-resistive effect film, or passes current only to a core 
of a magneto-resistive effect film like the above-mentioned, and a configuration the gap of 
whose is 2 micrometers or less can be adopted. 

[0021] In a magneto-resistive effect mold arm head of this invention, when a permanent magnet 
film is used for a magnetic-domain control layer, it is desirable to use an antiferromagnetism film 
or a permanent magnet film for a magnetic film which fixes the magnetization direction of the 
second or third ferromagnetic at the time of using a cascade screen of an antiferromagnetism 
film and a soft magnetism film for a magnetic-domain control layer to a magnetic film which fixes 
the magnetization direction of the second or third ferromagnetic using an antiferromagnetism 
film. The former relation is especially desirable. 

[0022] Width of face of a magneto-resistive effect film is 0.5-4 micrometers to a gap of an 
electrode of a pair. An applied value is desirable. 

[0023] Moreover, a location of each electrode edge which specifies an electrode spacing among 
electrodes of a pair is 0.25-2 micrometers from crosswise both ends of a magneto-resistive 
effect film, respectively. A range is desirable. 

[0024] Furthermore, especially an electrode spacing of an electrode of a pair is 0.25-1.5 
micrometers more less than 2 micrometers 2 micrometers or less. It can set up. 
[0025] A magneto-resistive effect mold arm head of this invention is used as the reproducing 
head, and can be applied to following equipment. 
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[0026] (1) A magnetic regenerative apparatus equipped with the reproducing head which changes 
into an electrical signal change of a magnetic field which reveals information from magnetic- 
recording data medium recorded magnetically and magnetic-recording data medium, and a 
regeneration circuit which processes an electrical signal from the reproducing head. 
[0027] (2) A magnetic recorder and reproducing device equipped with magnetic-recording data 
medium which records information magnetically, a recording head which a magnetic field 
according to an electrical signal is generated [ recording head ], and makes information by this 
magnetic field record on magnetic-recording data medium, the reproducing head which changes 
into an electrical signal change of a magnetic field revealed from magnetic-recording data 
medium, and a regeneration circuit which processes an electrical signal from the reproducing 
head. 

[0028] (3) Disk array equipment equipped with two or more above-mentioned magnetic recorder 
and reproducing devices and a controller which controls actuation of these equipments. 
[0029] Since according to the means an edge each electrode carries out [ an edge ] phase 
opposite is arranged inside compared with an edge location of the cross direction of a magneto- 
resistive effect film, and current does not flow substantially in a crosswise edge of a magneto- 
resistive effect film but current flows only in the center section which cannot be easily 
influenced of a magnetic field from a magnetic-domain control layer, even when strength of a 
magnetic-domain control layer is not necessarily enough, it can control that a Barkhausen noise 
occurs from a magneto-resistive effect film. Furthermore, an output can be kept high even when 
strength of a magnetic-domain control layer is enough. And even if it narrows width of face of an 
electrode, while being able to hold a high sensitivity output, a reading blot can be made small and 
it can respond also to high track density-ization. 
[0030] 

[Embodiment of the Invention] 

(Example 1) Drawing 1 is the block diagram showing the data-medium opposed face of the spin 
valve head concerning this invention. The spin valve head (giant magneto-resistance mold arm 
head) constituted as a magneto-resistive effect mold arm head for playback in drawing 1 is 
equipped with the magneto-resistive effect film 10, the magnetic-domain control layer 12, and 
the electrode 14 of a pair, and the laminating of the magneto-resistive effect film 10 is carried 
out on the antiferromagnetism film 16. The laminating of two or more films of the magnitude 
corresponding to the width of recording track of magnetic-recording data medium in the 
magneto-resistive effect film 10 is carried out to the multilayer, multilayers — the first 
ferromagnetic 18 and nonmagnetic — a conductor — it consists of a film 20 and the second 
ferromagnetic 22 and 24, and the laminating of the second ferromagnetic 24 is carried out on the 
antiferromagnetism film 1 6. After having been cut off by the magnitude corresponding to 
predetermined width of face (width of face 26 of a magneto-resistive effect film), the laminating 
of these multilayers is carried out. The first ferromagnetic 18 is constituted using NiFe, CoFe, 
CoNiFe, etc. as a free layer, and thickness is set as 5nm (preferably 2-1 5nm). nonmagnetic — a 
conductor — Cu is used for the film 20, and thickness is set as 2nm (preferably 1-5nm), and is. 
The second ferromagnetic 22 and 24 constitutes the cascade screen as the fixed bed, 
respectively, Co is used for the second ferromagnetic 22, and thickness is set as 1nm. NiFe is 
used for the second ferromagnetic 24, and this thickness is set as 1 nm and is 1 -5nm in both 
preferably. NiO is used for the antiferromagnetism film 16 and this thickness is set as 50nm 
(preferably 20-80nm). And the second ferromagnetic 22 and 24 is being fixed so that the 
magnetization direction may point out a data-medium opposed face mostly by switched 
connection with the antiferromagnetism film 1 6. The magnetization direction of the first 
ferromagnetic 18 is set up crosswise [ of for example, a magneto-resistive effect film ], and this 
magnetization direction changes with the magnetic fields of magnetic-recording data medium to 
space and a perpendicular direction. The first ferromagnetic 1 8 has more greatly than the 
thickness of the sum total of the second ferromagnetic 22 and 24 one about 2 to 3 times the 
magnitude of this. 

[0031] The magnetic-domain control layer 12 consists of cascade screens to which the 
laminating of the permanent magnet film 28 and the orientation control substrate film 30 was 
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carried out, and the magnetic-domain control layer 1 2 adjoins the both sides of the field of the 
cross direction which intersects the direction of a laminating of the magneto-resistive effect film 
10, and is arranged. As a permanent magnet film 28, the alloy of a CoCrPt system is used, for 
example and 1 0nm (preferably 5-20nm) Cr is used as an orientation control substrate film 30. 
And the first ferromagnetic 18 is controlled by the magnetic field generated from the magnetic- 
domain control layer 12 by the single magnetic domain. The magnetic-domain control layer 12 is 
arranged at the almost same height as the first ferromagnetic 18, and the thickness is 10nm (5- 
15nm is more desirable 4-30nm preferably). 

[0032] The laminating of the electrode 14 of a pair is carried out on the magnetic-domain control 
layer 12, respectively, and the laminating of some each electrode 14 is carried out on the first 
ferromagnetic 18. That is, each electrode 14 maintains an electrode spacing 32, and the 
laminating is carried out on the first ferromagnetic 18 and the magnetic-domain control layer 12. 
Each electrode 14 consists of metals, such as Au, Cu, and Ta, and the electrode spacing 32 of 
each electrode 14 is set up more narrowly than the width of face 26 of a magneto-resistive 
effect film. 

[0033] At a spin valve head, an output is the cosine cosdeltatheta of angle deltatheta which the 
magnetization direction of specific resistance variation deltarho of a spin bulb film proper, and 
the first ferromagnetic and the second ferromagnetic makes. It is proportional to a product. And 
it is known that specific resistance variation deltarho is [ a place high more than twice to a spin 
valve head ] high sensitivity compared with the AMR arm head compared with the AMR arm 
head. It is cosdeltatheta supposing it fixes the magnetization direction of the second 
ferromagnetic near right under (minus 90degree) perpendicularly to a data-medium opposed face 
here. It can rewrite with cos (theta+90 degrees) using the angle theta of the magnetization 
direction of the first ferromagnetic, and a data-medium opposed face to make. That is, an output 
is sintheta. It is proportional. For this reason, in order to change an output to linearity to change 
of theta, as for theta, near 0 degree is desirable, therefore, the magnetization direction of the 
first ferromagnetic — a data-medium opposed face — almost — parallel — that is, it has set up 
so that it may become just beside mostly. 

[0034] Drawing 2 is the block diagram of the spin valve head which used alloys, such as a FeMn 
system, a NiMn system, and a CrMn system, instead of NiO as an antiferromagnetism film 16 of a 
spin valve head. It is also possible to omit either among the second ferromagnetic 22 and 24. As 
shown in drawing 2 , unlike drawing 1 , the laminating of the antiferromagnetism film 16 is carried 
out for the direction of a laminating of the magneto-resistive effect film 10 on the magneto- 
resistive effect film 1 0. Moreover, in any [ which showed drawi ng 1 and dr aw ing 2 ] case, the 
antiferromagnetism film 16 can be replaced at a permanent magnet film. The thickness of each 
class in this drawing is the same as that of drawing 1 . The magnetic-domain control layer 12 
comes below the upper surface of the antiferromagnetism film 16. 

[0035] Drawing 3 is a block diagram using the dual spin valve head which is the application in 
order to make the output of a spin valve head high, nonmagnetic [ which was inserted between 
the first ferromagnetic 18, the second ferromagnetic 22 and 24 to which the magnetization 
direction was fixed, the third ferromagnetic 36 and 38, the first ferromagnetic 18, and the second 
ferromagnetic 22 as the configuration of the magneto-resistive effect film 10 in this case was 
shown in drawing 3 ] — a conductor — with a film 20 nonmagnetic [ which was inserted between 
the first ferromagnetic 18 and the third ferromagnetic 36 ] — a conductor — it consists of films 
34, and the laminating of the second ferromagnetic 22 and 24 is carried out on the 
antiferromagnetism film 16, and the antiferromagnetism film 40 has composition by which the 
laminating was carried out on the third ferromagnetic 36 and 38. The first ferromagnetic 18 is 
constituted using NiFe, CoFe, CoNiFe, etc. as a free layer, and thickness is set as 5nm. 
nonmagnetic — a conductor — Cu is used for films 20 and 34 and thickness is set as 2nm. The 
second ferromagnetics 22 and 24 and third ferromagnetic 36 and 38 constitute the cascade 
screen as the fixed bed, respectively, Co is used for the second ferromagnetic 22 and the third 
ferromagnetic 36, and both thickness is set as 1 nm. NiFe is used for the second ferromagnetic 
24 and the third ferromagnetic 38, and both thickness is set as 1nm (preferably 0.5-3nm). What 
was most suitable is chosen as the antiferromagnetism films 16 and 40 from the alloy of oxides, 
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such as NiO and CoO, a FeMn system, a NiMn system, and a CrMn system etc. The 
antiferromagnetism films 16 and 40 may be constituted from same material, or may be 
constituted from an another material, and can also be further replaced by the permanent magnet 
here. Moreover, either can be omitted among the second ferromagnetic 22 and 24, and either 
can also be similarly omitted among the third ferromagnetic 36 and 38. The thickness of other 
each class is the same as that of drawing 1 . 

[0036] Moreover, in each above-mentioned spin valve head, the permanent magnet film 28 can 
also be replaced by the cascade screen of a NiFe system alloy and alloys, such as a FeMn 
system which is an antiferromagnetism film, a NiMn system, and a CrMr system. In this case, a 
property with it better [ to replace the orientation control substrate film 30 by Ta etc. ] is 
acquired. The magnetic-domain control film 12 is formed below the upper surface of the 
magneto-resistive effect film 10. 

[0037] Drawing 4 is the longitudinal bias ratio which faces measuring a regenerative signal using 
the spin valve head in this invention, and shows the magnetic field strength of the magnetic- 
domain control layer 12 0.8 It is the diagram showing the measurement result which made low 
and was measured. When the spin valve head of the hard bias structure conventional on the 
same conditions is measured at this time, if it depends on the arm head by this invention to the 
Barkhausen noise having arisen, with the conventional arm head, it turns out that the 
Barkhausen noise is controlled. Since the electrode spacing 32 of each electrode 1 4 is set up 
more narrowly than the width of face 26 of a magneto-resistive effect film and current does not 
flow in the edge which is the generation source of a Barkhausen noise among the magneto- 
resistive effect films 10, this is because it can be managed even if it does not sense this 
Barkhausen noise. For this reason, even when the magnetic field strength of the magnetic- 
domain control layer 12 is not enough, even if generating of a Barkhausen noise is controlled and 
it uses this arm head for a magnetic recorder and reproducing device, malfunction of a magnetic 
recorder and reproducing device can be lessened. 

[0038] Drawing 5 is a longitudinal bias ratio as when the strength of a magnetic-domain control 
layer is enough 1.5 It is a diagram [ the arm head of the conventional hard bias structure / 
relation / between the output per unit electrode spacing when carrying out (sensitivity), and an 
electrode spacing ]. In addition, it is 0.5 micrometers about the amount of overlap on the spin 
valve head in this invention, and corresponding to [ in each electrode 14 ] the wrap distance 34 
for the first ferromagnetic 18. It carries out and is the electrode spacing of 32+1.0 micrometers 
about the width of face 26 of a magneto-resistive effect film. It is carrying out. 
[0039] If it depends on the arm head of this invention from drawing 5 , the conventional arm 
heads differ, and an electrode spacing 32 is 0.5 micrometers. Even when it becomes very narrow, 
it turns out that sensitivity can be kept high. 

[0040] Drawing 6 compares the micro truck property of the spin valve head in this operation 
gestalt, and the conventional spin valve head. The half-value width of a micro truck property 
shows effectual playback width of face, and the comparison of the size of a reading blot of it is 
attained by this comparison. In addition, for right and left, at drawing 6 , the amount of overlap of 
the arm head in this invention is 0.5 micrometers. It is carrying out. and an electrode spacing — 
each arm head — ** — 1 .0 micrometers ** — it carried out. A micro truck property is the width 
of recording track of 0.2 micrometers on magnetic-recording data medium here. A signal is 
recorded on the field where a degree is thin, and it asks by moving the signal of this micro truck 
under an arm head. 

[0041] The half-value width (effective width of recording track) of the arm head of dra wing 6 to 
this invention is 1.0 micrometers. It is equal to an electrode spacing and it turns out that a 
reading blot is small. With the conventional arm head on the other hand, it is narrower than 0.9 
micrometers and an electrode spacing a little rather. 

[0042] then, the place standardized and compared with the effective width of recording track 
about the output of the arm head which depends on this invention, and the conventional arm 
head — the standardization output of the conventional arm head — 0.78 it was — a thing — 
receiving — the arm head of this invention — 0.95 The result high about twenty percent was 
obtained. This result also shows that the arm head of this invention is more advantageous than 
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the conventional arm head. 

[0043] Thus, a longitudinal bias ratio is large, and if the arm head of this invention is used even if 

it can hold high sensitivity **, and a magnetic recorder and reproducing device is formed into 

high track density, since the reading blot is small even when an electrode spacing becomes 

narrow, malfunction of a magnetic recorder and reproducing device can be lessened. 

[0044] Drawing 7 is the diagram showing the result to which the electrode spacing measured the 

relation between 1 micrometer, the output in the case of being narrow, and the amount of 

overlap. 

[0045] In order to maintain the output of an arm head at 90% or more of an original output from 
drawing 7 t jt is 0.25 micrometers about the amount of overlap. It turns out that what is 
necessary is just to carry out above. This is because current does not flow to the field of the 
edge of the cross direction of the magneto-resistive effect film 10, i.e., the field where sensitivity 
is low, substantially, but current flows only to the field of the center section where sensitivity is 
high, so an output can be kept high. For this reason, though it is a narrow electrode gap, in order 
to consider as a high sensitivity arm head, for right and left, the edge by the side of the tip of 
each electrode 1 4 is 0.25 micrometers from the edge of the cross direction of the magneto- 
resistive effect film 1 0. It is desirable to arrange so that it may become inside above. 
[0046] When the amount of overlap is enlarged not much, the effect of the magnetic-domain 
control layer 12 which adjoins the both sides of the magneto-resistive effect film 10, and is 
arranged stops on the other hand, affecting even a magnetic force sencor. That is, in the spin 
valve head of this invention, magnetization is the most unstable and the portion which can 
become a noise generation source is the field of the edge inside each electrode 1 4. This is 
because torsion of the bias magnetic field by current arises in this field. Therefore, in the edge 
location of each electrode, it is desirable for the effectual anisotropy field of the cross direction 
of the magneto-resistive effect film exceeding the bias magnetic field (5 - 10 oersted degree) by 
current to be impressed to the first ferromagnetic 18 by the magnetic— domain control layer 12. 
[0047] Drawing 8 is the diagram showing the result of having asked for the relation between the 
distance from the magnetic-domain control layer 1 2, and an effectual anisotropy field. 
Distribution of the effectual anisotropy field of the cross direction of the first ferromagnetic 18 is 
shown in drawing 8 . Here, only the magnetization which exists in a zero assumed what is 
restrained crosswise strongly (magnetic-domain control is carried out). In order to have made 
the effectual anisotropy field into ten or more oersteds from drawing 8 , the distance from the 
magnetic-domain control layer 1 2 was understood are good to make it 2 micrometers or less. 
Then, it is desirable to arrange the edge location inside each electrode 14 (tip side) so that right 
and left may become inside within the limits of 2 micrometers or less of each compared with the 
edge location of the cross direction of the magneto-resistive effect film 10. That is, as an 
amount of overlap to each electrode 14, it is 0.25 micrometers. It is desirable that it is within the 
limits of 2 micrometers or less above. 

[0048] Drawing 9 is 1 .0 micrometers about an electrode spacing. It is the diagram showing the 
result compared with the conventional arm head about the relation between the output of the 
arm head at the time of narrowing, and a longitudinal bias ratio. 

[0049] From dra win g 9 , if it depends on the arm head of this invention, even if the magnetic field 
strength of the longitudinal bias ratio 12, i.e., a magnetic-domain control layer, will become large, 
the fall of an output can be suppressed low, without being greatly influenced of the magnetic 
field of the magnetic-domain control layer 1 2. 

[0050] According to this operation gestalt, even if an electrode spacing becomes narrow, even if 
the magnetic field strength of the magnetic-domain control layer 12 becomes strong, the fall of 
an output can be suppressed low, and the arm head of high power can be offered. 
[0051] By carrying out the laminating of the electrode on a magneto-resistive effect film, 
contact resistance between an electrode and a magneto-resistive effect film can be carried out 
for making it low (former: 1-5ohm, 1ohm or less of this inventions). Therefore, a head noise and 
unnecessary pyrexia can be suppressed. 

[0052] Moreover, if the arm head by this operation gestalt is used for following equipment, 
equipment with little malfunction can be offered. For example, the thing equipped with the 
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regeneration circuit which processes the electrical signal from the reproducing head which 
changes into an electrical signal change of the magnetic field which reveals information as a 
magnetic regenerative apparatus from magnetic-recording data medium recorded magnetically 
and magnetic-recording-.data medium, and the reproducing head. Furthermore, the thing equipped 
with the recording head memorized by magnetic-recording data medium in the information which 
in addition to the element of this regenerative apparatus generates the magnetic field according 
to an electrical signal, and depends on this magnetic field. 

[0053] (Example 2) Drawin g 10 is the block diagram showing the data-medium opposed face of 
the spin valve head which is 1 operation gestalt of this invention. The spin valve head (giant 
magneto-resistance mold arm head) constituted as a magneto-resistive effect mold arm head 
for playback in drawing 10 is equipped with the magneto-resistive effect film 10, the magnetic- 
domain control layer 33, and the electrode 31 of a pair, and the laminating of two or more films 
of the magnitude corresponding to the width of recording track of magnetic-recording data 
medium in the magneto-resistive effect film 10 is carried out to the multilayer. 
[0054] multilayers — the first ferromagnetic 1 1 and nonmagnetic — a conductor — it consists 
of a film 19 and the second ferromagnetic 13, and the laminating of the antiferromagnetism film 
21 is carried out on the second ferromagnetic 13. 2.0 micrometers whose width of face (the first 
ferromagnetic 1 1 and nonmagnetic — a conductor — it defines by narrowest width of face 
among the width of face of a film 19 and the second ferromagnetic 13) 51 of the magneto- 
resistive effect film 10 is predetermined magnitude after carrying out the laminating of the 
magneto-resistive effect film 10 and the antiferromagnetism film 21 which consist of these 
multilayers and forming them Both width is collectively cut off so that it may become. The first 
ferromagnetic 1 1 is constituted using nickel80Fe20 as a free layer, and thickness is set as the 
optimal value between about 2-1 5nm. moreover, the first ferromagnetic 11 — as a free layer — 
for example, nickel80Fe20, nickel68Fe17Co15, and Co60nickel20 — Fe20 and Co90 — 
monolayers, such as Fe10 and Co, and some films of these can also be constituted using the 
multilayers which carried out the laminating the optimal, nonmagnetic — a conductor — Cu is 
used for the film 1 9 and thickness is set as the optimal value between about 1~4nm. The second 
ferromagnetic 13 is constituted using Co as the fixed bed, and thickness is set as the optimal 
value between about 1-5nm. moreover, the second ferromagnetic 13 — as the fixed bed — for 
example, nickel80Fe20, nickel68Fe17Co15, and Co60nickel20 — Fe20 and Co90 — monolayers, 
such as Fe10 and Co, and some films of these can also be constituted using the multilayers 
which carried out the laminating the optimal. Cr45Mn45Pt10 is used for the antiferromagnetism 
film 21, and this thickness is set as about 30nm. Moreover, Fe50Mn50, Mn80Ir20, and the 
nickel50Mn50 grade other than the above can also be used for the antiferromagnetism film 21. 
And the second ferromagnetic 13 is being fixed so that the magnetization direction may point out 
a data-medium opposed face mostly by switched connection with the antiferromagnetism film 21. 
The magnetization direction of the first ferromagnetic 1 1 is set up crosswise [ of for example, a 
magneto-resistive effect film ], and this magnetization direction changes with the magnetic fields 
of magnetic-recording data medium to space and a perpendicular direction. In addition, the 
antiferromagnetism film 21 can also be replaced by the permanent magnet. 

[0055] For example, a permanent magnet film and an orientation control substrate film adjoin the 
both sides of the field of the cross direction where it consists of cascade screens by which the 
laminating was carried out, and the magnetic-domain control layer 33 intersects the direction of 
a laminating of the magneto-resistive effect film 10, and the magnetic-domain control layer 33 is 
arranged. As a permanent magnet film which constitutes the magnetic-domain control layer 33, 
Co75Cr10Pt15 and Co75Cr10Ta15 grade are used, and, as for the orientation control substrate 
film, Cr is used, for example. Moreover, what could also use Co80Pt20 for others, and added the 
oxide of Zr02, Si02, and Ta205 grade as a permanent magnet film which constitutes the 
magnetic-domain control layer 33 into the alloy of Co75Cr10Pt15, Co75Cr10Ta15, and Co80Pt20 
grade can also be used. An orientation control substrate film is also omissible in these cases. 
And the first ferromagnetic 1 1 is controlled by the magnetic field generated from the magnetic- 
domain control layer 33 by the single magnetic domain. Moreover, the magnetic-domain control 
layer 33 can also consist of cascade screens of an antiferromagnetism film, a ferromagnetic, and 
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an orientation control substrate film. In this case, an antiferromagnetism film is chosen from the 
alloy of Fe50Mn50, Mn80Ir20, nickel50Mn50, and Cr45Mn45Pt10 grade, a ferromagnetic is chosen 
from the alloy of a NiFe system, a CoFe system, and a CoNi system etc., and an orientation 
control substrate film has good Ta etc. Moreover, NiO, CoO, etc. can also be used as an 
antiferromagnetism film and an orientation control substrate film can be omitted in this case. 
[0056] The laminating of the electrode 31 of a pair is carried out on the magnetic-domain control 
layer 33, respectively, and the laminating of some each electrode is carried out on the 
antiferromagnetism film 21. Here, the laminating width of face 53 of each electrode and an 
antiferromagnetism film is 0.5 micrometers. It is set up. That is, since the width of face 51 of a 
magneto-resistive effect film is 2.0 micrometers, the laminating of each electrode 31 is carried 
out on the magnetic-domain control layer 33 and the antiferromagnetism film 21, being 
maintained so that an electrode spacing 52 may be set to 1.0 micrometers. Each electrode 31 
consists of metals of low resistance, such as Ta, Au, and Cu. 

[0057] Drawing 1 1 is the cross section of the spin valve head which used oxides, such as NiO 
and CoO, instead of the above-mentioned alloy as an antiferromagnetism film 21. As shown in 
drawing 1 1 , unlike drawing 10 , the laminating of the magneto-resistive effect film 10 is carried 
out for the direction of a laminating of the magneto-resistive effect film 10 and the 
antiferromagnetism film 21 on the antiferromagnetism film 21. Therefore, the laminating of the 
electrode 31 of a pair is carried out on the magnetic— domain control layer 33, respectively, and 
the laminating of some each electrode is carried out on the first ferromagnetic 1 1. In addition, 
the antiferromagnetism film 21 can be replaced by the permanent magnet. The thickness of each 
class is the same as that of drawing 10 . 

[0058] Drawing 12 is a cross section at the time of using the dual spin valve head which is the 
application in order to make sensitivfty of a spin valve head high, the configuration of the 
magneto-resistive effect film 10 in this case — the antiferromagnetism film 21 top — the 
second ferromagnetic 13 and nonmagnetic — a conductor — a film 17, the first ferromagnetic 
1 1 , and nonmagnetic — a conductor — a film 23, the third ferromagnetic 1 5, and the 
antiferromagnetism film 22 have composition by which the direct laminating was carried out 
serially, the first ferromagnetic 11 — as a free layer — for example, nickel80Fe20, 
nickel68Fe17Co15, and Co60nickel20 — Fe20 and Co90 — it is constituted using monolayers, . 
such as Fe10 and Co, and the multilayers which carried out the laminating of some films of these 
the optimal, and thickness is set as the optimal value between about 2 to 15nm. nonmagnetic — 
a conductor — a film 17 and nonmagnetic — a conductor — Cu is used for the film 23 and 
thickness is set as the optimal value between about 1 to 4nm. The second ferromagnetic 13 and 
third ferromagnetic 15 are constituted as the fixed bed using the monolayer of Co, nickel80Fe20, 
nickel68Fe17Co15, Co60nickel20Fe20, and Co90Fe10 grade, and the multilayers which carried 
out the laminating of some films of these the optimal, and thickness is set as the optimal value 
between about 1-5nm. The optimal thing is chosen as the antiferromagnetism films 21 and 22 
from oxides, such as an alloy of Fe50Mn50, Mn80Ir20, nickel50Mn50, and Cr45Mn45Pt10 grade, 
and NiO, CoO. Here, the antiferromagnetism films 21 and 22 may be constituted from same 
material, or may be constituted from an another material, and can also be further replaced by the 
permanent magnet. The thickness of others and each class is the same as that of drawing 10 . 
[0059] The location and thickness of a magnetic-domain control layer of drawing 10 - drawing 13 
have the same relation as an example 1. 

[0060] Hereafter, a property is explained as an example of the spin valve head of this invention 
using the arm head shown in drawing 10 . Drawing 1 4 is the result of comparing reproducing 
characteristics with the AMR arm head of comparison in which some electrodes shown in the 
spin valve head shown in drawing 10 and drawing 13 were formed on MR film. In addition, the 
AMR arm head shown in drawing 13 has the MR film 41, the middle Ta layer 42, and the 
structure in which SAL43 carried out the laminating as a magneto-resistive effect film 10. Width 
of face 53 (the distance (the amount of overlap) from the magnetic-domain control layer 33 to 
the edge of each electrode 31 was changed, and the playback output of an arm head was 
measured.) of the portion by which the laminating of each electrode 31 is carried out on the 
antiferromagnetic substance 21 or the MR film 41 in drawing 14 An electrode spacing 52 is 1.0 
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micrometers/When presupposing that it is fixed and changing the amount 53 of overlap, the 
width of face 51 of a magneto-resistive effect film was also changed to coincidence. As shown in 
drawing 14 , even if it enlarges the amount 53 of overlap in the case of the AMR arm head of 
comparative drawing 13 >, an output seldom rises. However, in the case of the spin valve head of 
this invention, the output rise at the time of enlarging the amount 53 of overlap is remarkable. An 
output becomes high by the spin valve head by overlapping the edge field of the cross direction 
of the magneto-resistive effect film 10 which is low [ sensitivity ] under the effect of the 
magnetic-domain control layer 33 with each electrode 31, because current was not passed 
substantially but only the output for the center section where sensitivity is high is taken out. on 
the other hand, since it differs greatly that this effect does not show up clearly with the AMR 
arm head from the case where he has no overlap of the magnetization condition of the portion 
which each electrode 31 overlapped among the magneto-resistive effect films 10, an output will 
decline and this will cancel a gone up part of an output — it turned out that it is in things. The 
difference in the magnetization condition by such existence of overlap is very small in the spin 
valve head of this invention. The magnetization condition of the second ferromagnetic 1 3 has 
depended this on the feature of being hard to change with current. Therefore, by forming some 
each electrode 31 on antiferromagnetism film 21 grade showed that there was a characteristic 
effect [ say / that an output can be made high ] at the spin valve head of this invention. 
[0061] Next, the optimum value of the amount 53 of overlap was calculated. In order to maintain 
the output of an arm head at 90% or more of maximum in the arm head of this invention from 
drawing 14 , it is 0.25 micrometers about the amount 53 of overlap. It turns out that what is 
necessary is just to carry out above. Therefore, though it is a narrow electrode gap, in order to 
consider as a high sensitivity arm head, for right and left, the edge by the side of the tip of each 
electrode 31 is 0.25 micrometers from the edge of the cross direction of the magneto-resistive 
effect film 10. It is desirable to arrange so that it may become inside above. When the amount 53 
of overlap is enlarged not much, the effect of the magnetic-domain control layer 33 which 
adjoins the both sides of the magneto-resistive effect film 10, and is arranged stops on the other 
hand, spreading to a magnetic force sencor. That is, in the spin valve head of this invention, 
magnetization is the most unstable and the portion which can become a noise generation source 
is an edge field by the side of the tip of each electrode 31. This is because the difference of the 
existence of the bias magnetic field by current arises bordering on here. Therefore, in the edge 
location of each electrode, it is desirable for the effectual anisotropy field of the cross direction 
of the magneto-resistive effect film 10 exceeding the bias magnetic field (5 to 10 oersted 
degree) by current to be impressed to the first ferromagnetic 1 1 by the magnetic-domain control 
layer 33. Drawing 15 is the diagram showing the relation between the amount 53 of overlap, and 
the effectual anisotropy field of the cross direction of the magneto-resistive effect film 10 in an 
electrode edge. In order to have made the effectual anisotropy field in an electrode edge location 
into ten or more oersteds from d rawin g 15 , the amount 53 of overlap was understood are good 
to make it 2 micrometers or less. Then, it is desirable to arrange the edge location by the side of 
the tip of each electrode 31 compared with the edge location of the cross direction of the 
magneto-resistive effect film 10, so that right and left may become inside in the range of 2 
micrometers or less of each. That is, as an amount 53 of overlap to each electrode 31, it is 0.25 
micrometers. It is desirable that it is within the limits of 2 micrometers or less above. 
[0062] Drawing 1 6 is the diagram showing the output of per an electrode spacing (1 micrometer) 
the case where there is the amount of overlap like this invention, and in case there is no amount 
of overlap like the conventional arm head, i.e., the relation between sensitivity and an electrode 
spacing, in a spin valve head. It is 0.5 micrometers about the amount 53 of overlap on the spin 
valve head in this invention, and corresponding to [ in each electrode 31 ] wrap width of face for 
the antiferromagnetism film 21. It carries out and is 1.0 micrometers to an electrode spacing 52 
about the width of face 51 of a magneto-resistive effect film. It is considering as the applied 
value. According to the arm head of drawing 16 to this invention, the conventional arm heads 
differ, and an electrode spacing 52 is 0.5 micrometers. Even when it becomes very narrow, it 
turns out that sensitivity can be kept high. 

[0063] Moreover, the spin valve head of this invention compared the size of a reading blot with 
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the conventional arm head by measuring a micro truck property in consideration of the 
laminating of each electrode 31 being carried out to some antiferromagnetism films 21. Both 
electrode spacings were set to 1.0 micrometers. In addition, a micro truck property records a 
signal to a thin field with a width of recording track of about 0.2 micrometers on magnetic- 
recording data medium, and is searched for by moving the signal of this micro truck under an arm 
head. It is 0.5 micrometers about the amount 53 of overlap. It sets on the arm head of this 
invention carried out, and is 1 .0 micrometers, the half-value width, i.e., the effective width of 
recording track, of a micro truck property. It is equal to an electrode spacing and it turns out 
that a reading blot is small. On the other hand, at the conventional arm head, the effective width 
of recording track is 0.9 micrometers. It is narrower than an electrode spacing rather, then, the 
place standardized and compared with the effective width of recording track about the output of 
the arm head by this invention, and the conventional arm head — the standardization output of 
the conventional arm head — 0.78 it was — a thing — receiving — the arm head of this 
invention — 0.95 The result high about twenty percent was obtained. This result also shows that 
the arm head of this invention is more advantageous than before. 

[0064] Thus, even when an electrode spacing becomes narrow, if high sensitivity ** can be held, 
and the arm head of this invention is used even if a magnetic recorder and reproducing device is 
formed into high track density since the reading blot is small, malfunction of a magnetic recorder 
and reproducing device can be lessened, and a magnetic recorder and reproducing device can be 
operated with low power. 

[0065] Drawing 1 7 is 1 .0 micrometers about an electrode spacing. It is the shown diagram in 
comparison with the conventional arm head [ relation / between the output of the arm head at 
the time of narrowing, and a longitudinal bias ratio ]. The variation in an output can be 
suppressed low, without this being directly influenced according to the arm head of this 
invention, even if the longitudinal bias ratio which shows the magnetic field strength which the 
magnetic-domain control layer 33 makes has variation as shown in drawing_17 . For this reason, 
if the arm head of this invention is used, the arm head of the high yield can be offered. Moreover, 
since high sensitivity ** can be held also when a longitudinal bias ratio is high, if the arm head of 
this invention is used, malfunction of a magnetic recorder and reproducing device can be 
lessened, and a magnetic recorder and reproducing device can be operated with low power. 
[0066] It faces measuring a regenerative signal using the spin valve head in this invention, and 
drawing 18 is a longitudinal bias ratio 0.8 It is the diagram showing the result which made low and 
was measured. When the spin valve head conventional on the same conditions is measured at 
this time, according to the arm head by this invention, with the conventional arm head, it turns 
out that the Barkhausen noise is controlled to the discontinuity of the signal called a Barkhausen 
noise having been observed. Since the gap 52 of each electrode 31 is set up more narrowly than 
the width of face 51 of a magneto-resistive effect film and current does not flow in the edge 
which is the generation source of a Barkhausen noise among the magneto-resistive effect films 
10, this is because it can be managed even if it does not sense this Barkhausen noise. For this 
reason, also when the strength of the magnetic-domain control layer 32 is not enough, even if 
generating of a Barkhausen noise is controlled and it uses this arm head for a magnetic recorder 
and reproducing device, malfunction of a magnetic recorder and reproducing device can be 
lessened. 

[0067] By carrying out the laminating of the electrode on a magneto-resistive effect film, 
contact resistance between an electrode and a magneto-resistive effect film can be carried out 
for making it low (former: 1-5ohm, 1ohm or less of this inventions). Therefore, a head noise and 
unnecessary pyrexia can be suppressed. 

[0068] (Example 3) Drawing 19 is the schematic diagram of the hard disk drive unit which used 
the magneto-resistive effect mold reproducing head of the spin valve head of a publication for 
examples 1 and 2. This equipment has the spindle motor 65 made to rotate the disk axis of 
rotation 64 and this at high speed, and the disk 40 of one sheet thru/or two or more sheets (this 
example two sheets) is attached in the disk axis of rotation 64 at the predetermined gap. 
Therefore, with the disk axis of rotation 64, each disk 40 is united and is rotated. A disk 40 is a 
disk with a predetermined radius and thickness, and the permanent magnet film is formed in both 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgi_ejje 



2003/12/22 



13/15 s<— v 



sides, and it serves as an informational recording surface. This equipment has the voice coil 
motor 63 which makes the axis of rotation 62 for positioning of an arm head, and this drive in the 
outside of a disk 40 again, two or more access arms 61 are attached in the axis of rotation 62 
for positioning of an arm head, and the arm head 60 for record playback (it is henceforth 
described as an arm head) is attached at the tip of each access arm 61. Therefore, when the 
axis of rotation 62 for positioning of an arm head rotates only a predetermined angle, each arm 
head 60 moves each disk 40 top to radial, and is positioned in a predetermined location. 
Moreover, each arm head 60 is held by the balance of the buoyancy produced when a disk 40 
rotates at high speed, and the forcing force of the gimbal which is the elastic body which 
constitutes some access arms 61 from the disk 40 surface at the distance of about dozens of 
nm. The spindle motor 65 and the voice coil motor 63 are connected to the hard disk controller 
66, respectively, and the rotational speed of a disk 40 and the location of an arm head 60 are 
controlled by the hard disk controller 66. 

[0069] Although drawing 20 is the recording head cross section of the inductive mold used for 
the hard disk drive unit of this invention, this thin film head consists of the lower magnetic film 
184 and the up magnetic film 185 which consist of an up shield film 186 and a magnetic film to 
which it adhered on it. It adheres to the nonmagnetic insulating material 189 among these 
magnetic films. Some insulating materials specify a magnetic gap 188. The base material has the 
form of a slider where it has the air bearing surface (ABS), and this has the relation which 
approaches data medium of the disk which rotates during disk file actuation, and surfaces. 
[0070] The thin film magnetic head has the back gap 190 made with the up magnetic film 185 
and the lower magnetic film 184. The back gap 190 is separated from the magnetic gap with the 
intervening coil 187. 

[0071] the layer which made the continuous coil 187 on the lower magnetic film 184 with plating 
— becoming — **** — these — an electromagnetic coupling is carried out. There is electric 
contact in the center of the coil currently fill uped with the insulating material 1 89, and a coil 1 87 
has an area still more greatly [ it is the same and ] as electric contact in the heel end point of a 
coil. The contact is connected to the external electric wire and the reading write-in signal- 
processing head circuit (illustration abbreviation). 

[0072] In this invention, the cross section becomes large gradually as the coil 187 made from the 
single layer has the ellipse form distorted a little, arrangement of the portion with the small cross 
section will be carried out most soon at a magnetic gap and the distance from a magnetic gap 
becomes large. 

[0073] However, an ellipse form coil gets down as a large number book ON comparatively 
densely between the back gap 190 and a magnetic gap 188, and the width of face thru/or the 
cross-section diameter of a coil is small in this area. Furthermore, a big cross-section reduction 
in the furthest portion from a magnetic gap brings about reduction in electric resistance. 
Furthermore, an ellipse (ellipse) form coil has neither an angle nor a sharp corner nor an edge, 
but there is little resistance to current. Moreover, elliptical has few overall lengths of a 
conductor compared with a rectangle or a circular (annular) coil, and ends. As a result of these 
advantages, there is comparatively little total resistance of a coil, there is little pyrexia, and 
moderate thermolysis nature is obtained. In heat, by that of considerable-amount layer 
collapse of a thin film layer, expanding, and expansion are prevented, and the cause of the ball 
chip protrusion by ABS is removed. 

[0074] The ellipse form coil configuration where change of width of face progresses to 
homogeneity mostly can adhere with the conventional plating technology cheaper than 
sputtering, vacuum evaporationo, etc. With the coil of a form with other configurations, especially 
an angle, plating adhesion tends to become the structure of uneven width of face. Only little 
mechanical stress gives removal of an angle or the sharp edge section with the done coil. 
[0075] In this example, the wound coil was mostly formed between magnetic cores with elliptical, 
the diameter of a coil cross section is spreading gradually towards the back gap from the 
magnetic gap, a signal output increases and pyrexia decreases it. 

[0076] In this example, the upper part and the lower magnetic film of a recording head of an 
inductive mold were formed with the following electroplating. 
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[0077] The amount of nickel++: Set to the plating bath containing the usual stress relaxation 
agent and a surfactant, including 16.7 g/l and amount [ of Fe++ ]:2.4 g/l, and they are pH:3.0 and 
plating electrical-and-electric-equipment density:! 5 mA/cm2. The thin film magnetic head of the 
induction type which has - [ after carrying out frame plating on conditions:] lower magnetic core 
was produced. The width of recording track is 4.0 micrometers, and gap length is 0.4 
micrometers, the presentation of this magnetic film — 42.4 nickel-Fe (% of the weight) — it is — 
magnetic properties — saturation magnetic flux density (BS) — 1 .64T and difficult shaft 
coercive force (HCH) — 0.5Oe(s) specific resistance (rho) — 48.1microomegacm it was . They 
are the up magnetic core 85, the lower magnetic core 84 which served both as the up shield 
layer, and a coil 187. It has the configuration of the electrode for passing sense current for the 
magneto-resistive effect mold element 86 for playback, and a magneto-resistive effect mold 
element, a lower shield layer, and a slider. The diameter of crystal grain of the magnetic core of 
this example becomes 100-500A, and difficult shaft coercive force is 1.0Oe(s). It was the 
following. 

[0078] As a result of measuring the engine performance (over-writing property) of the recording 
head by this invention evaluated by such configuration, the outstanding record engine 
performance of about -50dB was obtained also in the RF field 40MHz or more. 
[0079] Drawin g 21 is a strabism conceptual diagram of the magnetic head which has the 
inductive mold recording head and the magneto-resistive effect mold reproducing head of this 
invention. The lower shield 182, the magneto-resistive effect film 110, the magnetic-domain 
control film 141, the reproducing head which has an electrode terminal 140 and the lower 
magnetic film 1 84, and the up magnetic film 1 83 are formed on the base 1 50 which serves as a 
head slider, illustration of a lower gap and an up gap is omitted, and a coil 142 is 
electromagnetism. 

[0080] Dra w in g 22 is the perspective diagram of a negative pressure slider. The negative 
pressure slider 1 70 has the negative pressure generating side 1 78 surrounded by the air 
installation side 171 and two positive pressure generating sides 177,177 which generate 
buoyancy, and consists of slots 174 on the boundary of two positive pressure generating sides 
177,177 and negative pressure generating sides 178 in air installation side 179 list where a level 
difference is larger than the negative pressure generating side 1 78 further. In addition, in the air 
outflow edge 1 75, the recording head of the inductive mold which records information on a 
magnetic disk and which is mentioned later, and the above— mentioned MR sensor to reproduce 
have the thin film magnetic-head element 176 of the record playback discrete type of the outline 
structure shown in above-mentioned drawin g 24 . 

[0081] Although the air introduced from the air installation side 179 at the time of surfacing of 
the negative pressure slider 170 expands in respect of [ 178 ] negative pressure generating, 
since the flow of the air which goes to a slot 1 74 in that case is also made, the flow of the air 
which goes to the air outflow edge 175 from the air installation side 179 exists also in the 
interior of a slot 1 74. Therefore, even if the dust which floats in air is introduced from the air 
installation side 171 at the time of surfacing of the negative pressure slider 170, it will be 
introduced inside a slot 174, and it will be washed away by the flow of the air of the slot 174 
interior, and will be discharged out of the negative pressure slider 170 from the air outflow edge 
178. Moreover, since the flow of air always exists in the slot 4 interior at the time of surfacing of 
the negative pressure slider 170 and there is no stagnation etc., dust does not condense. 
[0082] The whole magnetic disk drive perspective diagram which is an example of this invention 
is shown in drawing 23 . The configuration of this magnetic disk drive writes in the magnetic disk 
for recording information, the DC motor (drawing abbreviation) turning around this of a means, 
and information, and consists of the magnetic head for picking reading and a pointing device of a 
means to change a location to a magnetic disk in support of this, i.e., an actuator, a voice coil 
motor, etc. These drawings show the example which enlarged storage capacity of installation and 
the sum total for the magnetic disk of five sheets to the same axis of rotation. 
[0083] According to this example, it can fully record also in a RF field also to high coercive force 
data medium, and they are the media transfer rate of 1 5MB/second or more, the record 
frequency of 45MHz or more, and magnetic-disk 400rpm. They are 3 Gb/in2 as surface recording 
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density since MR sensor of the high sensitivity which has the MR effect excellent in fast 
transmission of the above data, compaction of the access time, increase of storage capacity, 
etc. is obtained. The above magnetic disk drive is obtained. 

[0084] By combining two or more above-mentioned magnetic recorder and reproducing devices 
with drawing 24 shows the example at the time of constructing disk array equipment. In this 
case, since two or more magnetic recorder and reproducing devices are treated to coincidence, 
an informational throughput is made early and the reliability of equipment can be raised. Also in 
this case, the highly efficient combined head needless to say therefore of the one where the 
engine performance (a low error rate, low power, etc.) of each magnetic recorder and 
reproducing device is higher being good is indispensable. 
[0085] 

[Effect of the Invention] Since according to this invention the gap of each electrode is formed 
more narrowly than the width of face of a magneto-resistive effect film and current was passed 
only to the field of the core of a magneto-resistive effect film, even when the strength of a 
magnetic-domain control layer is not enough, it can control that a Barkhausen noise occurs, and 
even when the strength of a magnetic-domain control layer is enough, fluctuation of an output 
can be suppressed low. Furthermore, even if it is a narrow electrode gap, it is high sensitivity and 
a reading blot can be lessened, and it can be adapted for high track density-ization. 
[0086] Moreover, if the arm head by this invention is used for a magnetic regenerative apparatus 
or a magnetic recorder and reproducing device, equipment with little malfunction can be offered. 



[Translation done.] 
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